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I.   Introduction 

This  report  comprises  the  second  of  two  volumes  of  water  quality 
information  collected  by  the  Department  of  Health  and  Environmental 
Sciences'  (DHES)  Water  Quality  Bureau  (WQB)  and  others  on  the  lower  Clark 
Fork  River  and  its  major  tributaries  in  1984  and  1985.   As  discussed  in  the 
introduction  to  Volume  I,  the  purpose  of  the  data  collection  was  to  ]) 
establish  chemical,  physical  and  biological  water  quality  baseline 
information  for  the  lower  Clark  Fork  River,  2)  measure  changes  in  water 
quality  resulting  from  modifications  in  the  Champion  International  Frenchtown 
Mill  wastewater  discharge  permit  and,  3)  to  determine  contributions,  effects 
and  fates  of  water  quality  contaminants  from  various  wastewater  sources  and 
tributaries  along  the  river. 

The  WQB's  decision  to  study  the  river  was  in  part  due  to  questions 
raised  by  the  public  concerning  the  1983  decision  to  give  Champion  a  two-year 
permit  to  allow  year  around  direct  discharge  of  treated  wastewater  to  the 
Clark  Fork.   Following  the  Preliminary  Environmental  Review  (PER)  the  WQB 
announced  its  decision  to  issue  a  two-year  discharge  permit,  study  the  river 
during  that  period  and  prepare  an  Environmental  Impact  Statement  (EIS)  prior 
to  issuance  of  a  new  permit  in  April  1986.   A  river  monitoring  plan  was 
included  in  the  PER. 

Volume  I  presents  the  methods  and  tabulated  results  of  the  WQB's  Clark 
Fork  River  monitoring  for  the  period  March  1984  through  August  1985.   Also 
included  are  other  supporting  data  such  as  streamflow  records  and 
self-monitoring  information  for  the  major  permitted  wastewater  discharges  to 
the  river.   Volume  II  is  a  collection  of  reports  giving  the  findings  of 
special  studies  designed  to  investigate  areas  of  special  concern  in  the  lower 
Clark  Fork  system,  primarily  the  instream  consequences  of  the  wastewater 
discharge  from  the  Champion  mill. 

II.   General  Descriptions  of  the  Special  Studies 

The  nine  special  studies  described  in  this  report  include: 

1.  Aesthetics  Monitoring  was  performed  by  the  WQB,   Montana  State 
University ,  Oregon  State  University  and  others.   The  intent  of  this 
group  of  investigations  was  to  address  the  question  of  impaired 
river  aesthetics  due  to  Champion's  discharge  of  wastewater. 
Activities  included:  general  field  reconnaissance,  river  and 
wastewater  foaming  tendency  and  stability  tests,  analysis  for  the 
presence  of  foaming  agents,  organic  analysis  of  river  and 
wastewater  foam,  microscopic  examination  of  river,  wastewater  and 
foam  suspended  solids  and  the  evaluation  of  fish  flesh  tainting 
(odor  and  flavor')  due  to  the  Champion  discharge. 

2.  Algal  bioassays  of  Clark  Fork  River  water  were  done  by  the 
Environmental  Protection  Agency  (EPA)  Region  X's  Corvallis 
Environmental  Research  Laboratory.   These  tests  determined,  on  a 
seasonable  basis,  which  nutrients  limited  algal  growth  in  the  river 
and  if  metals  toxicity  was  a  factor  controlling  algal  productivity. 
These  studies  will  provide  the  ability  to  predict  some  of  the 
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instream  consequences  of  increased  nutrient  loading  rates  by  the 
Champion  mill. 

3.  Chronic  bioassays  of  the  Clark  Fork  River  and  Champion  wastewater 
were  conducted  by  EPA  Region  VIII.   These  tests  on  juvenile  rainbow 
trout  and  a  water  flea,  Ceriodaphnia,  helped  to  predict  the  effects 
of  the  wastewater  and  other  river  contaminants  on  the  growth  and 
reproduction  of  the  river's  aquatic  life. 

4.  A  status  report  on  a  major  fisheries  study  of  the  lower  Clark  Fork 
discusses  the  work  being  done  by  the  Department  of  Fish,  Wildlife 
and  Parks  (DFV.T)  .   This  study  will  inventory  the  kinds  and  numbers 
of  fish  present  in  the  lower  Clark  Fork  system  and  assess  the 
effects  of  pollutants  on  fish  numbers,  reproduction  and  general 
health. 

5.  A  riffle  community  metabolism  study  by  the  University  of  Montana 
measured  the  effects  of  Champion's  wastewater  discharge  on 
metabolic  rates  of  the  Clark  Fork's  bottom-dwelling  plants  and 
animals. 

6 .  An  evaluation  of  the  lower  Clark  Fork's  macroinvertebrate  community 
was  made  by  C.E.  Hornig.   This  evaluation,  which  provided  baseline 
information  and  examined  the  effects  of  wastewater  discharges,  was 
based  on  the  unevaluated  data  (species  lists,  counts,  key 
statistics)  tabulated  in  Volume  I. 

7.  A  study  of  copper  concentrations  in  Clark  Fork  River  crayfish  was 
done  by  the  DFWP.   This  investigation  attempted  to  evaluate  the 
concern  that  oxygen-demanding  organic  solids  in  the  Champion 
discharge  could  settle  in  slow-water  areas,  causing  metals  tied  up 
in  stream  sediments  to  become  soluble  and  thereby  becoming  mobile 
and  available  to  plant  and  animal  life. 

8.  The  University  of  Montana  conducted  a  Clark  Fork  reservoir  sediment 
study ,  which  examined  the  chemical  makeup  of  bottom  sediments, 
particularly  metals,  in  the  river's  impoundments. 

9.  A  summary  is  provided  of  the  State  of  Idaho's  continuing  Lake  Pend 
Oreille  study.  This  project  is  examining  the  lake's  water  quality 
and  trophic  status  as  influenced  by  its  major  tributary,  the  Clark 
Fork  River. 

III.   Methods  and  Results 

A  separate  report  describing  the  methods  and  findings  of  each  special 
investigation  follows  in  the  pages  ahead.   Further  discussion  of  these  study 
results  and  the  possible  ramifications  of  the  increased  wastewater  discharge 
from  the  Champion  mill  may  be  found  in  the  Champion  draft  EIS. 
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INTRODUCTION 


In  the  fall  of  1983,  the  Water  Quality  Bureau  (WQB) ,  Montana  Department 
of  Health  and  Environmental  Sciences  (DHES) ,  prepared  a  Preliminary 
Environmental  Review  (PER)  on  a  proposed  waste  discharge  permit  for  Champion 
International's  Frenchtown  Mill.   During  the  puhlic  involvement  process,  many 
people  expressed  concern  over  perceived  aesthetics  problems  in  the  Clark 
Fork,  downstream  of  Champion's  wastewater  discharge.   Complaints  included  an 
apparent  increase  in  river  foam,  reports  of  a  dirty  film  on  the  water 
surface,  foul-smelling  water  and  catches  of  off-flavor  fish. 

In  an  attempt  to  investigate  and  address  the  question  of  impaired 
aesthetics  due  to  wastewater  discharges  to  the  Clark  fork,  the  WQB  conducted 
several  aesthetics  monitoring  activities  during  an  18  month  study  of  the 
river.   In  addition,  several  fish  flavor  and  odor  evaluations  were  performed 
through  the  cooperative  efforts  of  Champion  International,  the  Montana 
Department  of  Fish,  Wildlife  and  Parks,  Montana  State  University  and  Oregon 
State  University. 

The  U.S.  Environmental  Protection  Agency  (EPA)  funded  the  WQB's  portion 
of  this  investigation  through  its  sponsorship  of  the  WQB's  Lower  Clark  Fork 
River  Water  Quality  Study.   Champion  funded  the  fish  tainting  studies,  which 
are  required  under  its  Montana  Pollutant  Discharge  Elimination  System  (MPDES) 
wastewater  discharge  permit. 

The  rationale,  methods  and  results  of  each  aesthetics  monitoring 
activity  are  presented  in  the  following  pages. 

AESTHETICS  RECONNAISSANCE 

Rationale:   Verification  of  citizen  complaints  by  the  regulatory  agency  is 
the  first  step  toward  correction  of  the  problem(s) . 

Methods:   During  the  course  of  the  lower  Clark  Fork  water  quality  study,  WQB 
field  personnel  looked  for  and  recorded  any  incidental  evidence  of  water 
quality  degradation  and  reduced  river  aesthetics.   A  written  and  photographic 
record  of  such  observations  was  made,  particularly  the  presence  and  character 
of  foam,  sludge  deposits,  slime  growth,  stained  rocks,  colored  or  cloudy 
water,  foul-smelling  water  and  surface  film. 

Results:   During  the  1984-1985  water  quality  study,  numerous  documentations 
were  made  of  reduced  aesthetics  along  the  lower  Clark  Fork  and  its  major 
tributaries.   In  many  of  the  cases,  causes  of  the  problems  were  obvious,  in 
others,  they  were  less  apparent.   A  summarization  of  the  most  notable 
problems  reducing  aesthetics  and/or  recreational  potential  in  the  river 
system  is  given  by  stream  reach  in  Table  1.   Observations  of  less  significant 
aesthetics  problems  have  not  been  described  and  it  is  possible  some  problems 
have  been  overlooked.   The  reader  is  referred  to  Appendix  C  in  Volume  I  of 
the  Data  Report  for  a  condensed  version  of  field  notes  taken  during  the 
study,  which  describe  the  observed  river  conditions. 
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Table  1.   Aesthetics  Reconnaissance  Summary 


Stream  Reach 

Clark  Fork  below  Milltown  Dam 

to  confluence  of  Bitterroot  River 


Clark  Fork  in  the  immediate 
vicinity  of  and  extending  for 
more  than  400  yards  below  the 
Missoula  WWTP  discharge. 


Bitterroot  River  near  mouth, 


Clark  Fork  from  0.5  miles  below 
the  Champion  mill  discharge  to 
to  the  confluence  of  Petty  Creek. 


Problem 

The  aesthetics  of  this  reach  were 
reduced  during  the  annual  operational 
drawdowns  of  Milltown  Dam  in  July  1984 
and  June  1985,  due  to  increased 
turbidity. 

The  WWTP  was  significantly  more  turbid 
than  the  river  during  15  of  25 
observations.   Frequently  it  was 
highly  turbid,  colored,  foamy  and 
foul-smelling.   The  river  in  the  plume 
of  the  discharge  and  for  a 
considerable  distance  downriver  had  an 
increased  turbidity  and  a  noticeable 
sewage  odor.   Foam  contributed  by  the 
discharge  dissipated  rapidly. 

Sizeable  accumulations  of  a  dirty 
yellow  foam  were  present  along 
shoreline  areas  in  early  spring  to 
early  summer,  (except  during  peak 
runoff)  and  again  in  the  fall. 

Large,  lofty  patches  of  a  dirty  yellow 
to  brown  foam  were  frequently  observed 
on  the  river  surface.   Accumulations 
were  noted  in  various  areas  near 
shore,  especially  in  the  Ninemile 
area.   The  problem  occurred  year 
around  but  was  noticeably  worse  in 
spring  and  fall.   Concentrations  of 
apparently  organic  particulate  matter 
frequently  appeared  to  be  higher  in 
this  reach  of  river  than  above  the 
Champion  mill.   Just  below  the 
Champion  mill,  several  localized  areas 
of  high  river  color  (tea-colored 
water)  were  present  near  the 
shorelines  where  Champion  wastewater 
pond  seepage  surfaced.   These  areas 
were  usually  accompanied  by  a  stained 
river  bottom. 


Clark  Fork  from  St.  Regis  to 
the  confluence  of  the  Flathead 
River. 


Large  accumulations  of  dirty  foam  were 
observed  near  shoreline  areas  and  in 
eddys  and  backwaters  in  early  spring 
and  again  in  the  fall. 
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Stream  Reach 


Flathead  River  near  mouth, 


Clark  Fork  from  Flathead  River 
confluence  to  Plains. 


Clark  Fork  from  Thompson  Falls 
Dam  to  Noxon  Rapids  Reservoir. 


Noxon  Rapids  Reservoir, 


Problem 

River  stage  fluctuated  significantly 
over  a  24-hour  cycle,  apparently  due 
to  the  peaking  power  operation  of  Kerr 
Dam  upstream.   Wet  shoreline  areas  at 
low  stage  reduced  aesthetic  appeal. 

Fluctuating  river  stage  due  to 
influence  of  Flathead  River  resulted 
in  exposed  shoreline  areas  and  an 
unstable  aquatic  environment.   Exposed 
river  algae  contributed  to  odor 
problems. 

River  stage  fluctuated  daily  due  to 
the  operation  of  Thompson  Falls  Dam 
and  created  the  same  problems  which 
occurred  at  the  two  previous 
locations.   Spring  drawdowns  of  Noxon 
Rapids  Reservoir  downstream  resulted 
in  major  changes  (up  to  10  feet)  in 
river  stage  in  this  reach  in  March 

1984  and  May  1985.   The  large  scale 

1985  drawdown  exposed  large  areas  of 
riverbed,  created  odor  problems  as 
algae  decomposed  and  practically 
eliminated  recreation  due  to  poor 
river  access  and  the  treacherously 
slippery  river  banks.   Spilling  at 
Thompson  Falls  Dam  during  spring 
runoff  created  sizeable  patches  of 
clean,  white  foam  but  it  was  not  a 
particularly  significant  aesthetic 
problem. 

The  previously  mentioned  drawdowns  in 
1984  and  1985  significantly  reduced 
the  aesthetics  of  the  reservoir  and 
the  recreational  potential.   The  1984 
drawdown  was  not  particularly  large 
compared  to  1985  when  the  reservoir 
was  lowered  from  35  to  50  feet. 
However,  in  both  cases  reservoir 
turbidity  was  increased  as  tributaries 
feeding  into  the  impoundment  began 
headcutting  their  beds  and  banks  and 
exposed  mud  flats  dewatered.   The 
presence  of  stranded,  dying  and  dead 
fish  in  1985  was  particularly 
unaesthetic. 
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Stream  Reach  Problem 

Clark  Fork  below  Noxon  Rapids        Apparent  peaking  power  operation  of 
Dam  and  below  Cabinet  Gorge  Dam.     both  dams  resulted  in  frequent  and 

significant  fluctuations  in  river 
stage.   Problems  were  similar  to  those 
in  the  Flathead,  at  Plains  and  below 
Thompson  Falls  Dam.   Exposed  mud  bars 
below  Cabinet  Gorge  Dam  created  access 
problems.   Spilling  of  water  over  the 
dams  in  spring  created  white  foam  but 
it  was  not  a  significant  problem. 
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RIVER  AND  WASTEWATER  FOAMING  TENDENCY  AND  STABILITY, 
QUANTITATIVE  SURFACTANT  TESTING  AND  FOAM  ANALYSIS 

Rationale 

During  the  early  part  of  the  water  quality  study,  field  personnel 
noticed  significant  accumulations  of  river  foam  at  several  locations  along 
the  Clark  Fork — both  above  and  below  Champion — and  in  some  of  the 
tributaries,  most  notably  the  Bitterroot  River. 

River  foam  did  appear  to  be  more  common  below  the  Champion  discharge. 
Since  quantification  of  the  actual  amount  of  foam  present  along  the  river 
would  have  been  difficult,  study  personnel  investigated  other  methods  of 
determining  the  relationship  between  lower  river  foam  and  the  Champion 
discharge.   Several  methods  were  used. 

Methods 

Foam  can  be  classified  according  to  its  ability  to  form  and  persist. 

A  procedure  is  available  for  measuring  foaming  tendency  and  foam 
stability  in  terms  of  equivalent  concentrations  of  detergent.   Although  it 
was  developed  for  pulp  and  paper  mill  effluents,  it  can  be  used  on  natural 
waters  and  other  types  of  effluents,  including  the  effluent  from  the  Missoula 
wastewater  treatment  plant  (WWTP) .   It  was  expected  that  this  test  would 
assess  the  relative  importance  of  wastewater  effluents  and  natural  agents  as 
foam  producers  in  the  Clark  Fork  River  system. 

The  methylene  blue  active  substances  (MBAS)  test  is  a  quantitative  test 
which  indicates  the  relative  concentration  of  surface-active  agents  or 
surfactants.   Surfactants  are  the  responsible  agents  in  the  formation  of  foam 
on  rivers  and  streams.   The  test  was  designed  to  detect  the  presence  of 
detergents  in  municipal  wastewater  discharges.   It  is  known  that  some 
wastewater  constituents  cause  interferences  in  the  test  results. 
Nonetheless,  the  test  was  conducted  on  the  Champion  wastewater  discharge  and 
the  Clark  Fork  above  and  below  Champion  in  order  to  investigate  its 
applicability. 

A  final  method  of  investigating  the  perceived  river  foam  problem 
involved  physically  collecting  a  large  volume  of  foam  at  two  control  and 
three  test  stations  by  means  of  a  hard  operated  vacuum  pump.   The  foam 
liquified  as  it  was  vacuumed  up,  solid  materials  were  allowed  to  settle  and 
from  one  to  three  liters  of  the  liquid  were  analyzed  for  the  same  organic 
constituents  and  in  the  same  manner  (GC/MS)  as  the  Champion  wastewater 
samples  described  in  Volume  I  of  this  report.   The  presence,  in  relatively 
high  concentrations,  of  organic  constituents  unique  to  the  Champion 
wastewater  in  downstream  river  foam  would  link  the  downstream  foam  to  the 
waste  water  discharge. 

The  solid  materials  from  the  foam  samples  were  examined  microscopically 
to  determine  their  composition  and  a  relative  abundance  estimate  was  made  of 
each  component  identified.   It  was  felt  that  this  solids  examination  might 
provide  further  clues  to  the  origin  of  the  foam. 
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Sample  collection  and  analysis  methods  of  the  various  foam  tests  are 
shown  in  Table  2. 

Results 

Each  of  the  three  tests  described  above  was  performed  once  during  the 
study  on  a  series  of  river  and  wastewater  samples.   The  results  are  given  in 
the  following  pages. 

Foaming  Tendency  and  Stability 

Unpreserved  grab  samples  for  the  foaming  tendency  and  stability  tests 
were  collected  in  March  1984  from  the  following  river  and  effluent  monitoring 
stations:   06-Clark  Fork  above  Missoula  WWTP;  07  -  Missoula  WWTP  discharge, 
09  -  Clark  Fork  two  niles  below  Missoula  WWTP;  10  -  Bitterroot  River  near 
mouth;  11  -  Clark  Fork  at  Harper  Bridge  (above  Champion);  12  -  Champion 
discharge,  15  -  Clark  Fork  at  Huson  (below  Champion),  20  -  Clark  Fork  at 
Superior,  23  -  Flathead  River  near  mouth  and  25  -  Clark  Fork  above  Thompson 
Falls  Reservoir.   Samples  were  transported  on  ice  to  the  DHES  Chemistry 
Laboratory.   Foaming  tendency  and  stability  testing  produced  positive  results 
only  on  the  sample  of  Champion  wastewater.   All  other  samples  produced 
results  less  than  the  detection  limits  of  the  tests.   Results  are  presented 
in  Table  3. 

Table  3.   Results  of  the  Foaming  Tendency  and  Stability  Tests 
Foaming  Tendency       Foaming  Stability 
Station  (as  mg/1  LAS)  (as  mg/1  LAS) 


06 

<2 

<5 

07 

<2 

<5 

09 

<2 

<5 

10 

<2 

<5 

11 

<2 

<5 

12 

10 

17 

15 

<2 

<5 

20 

<2 

<5 

23 

<2 

<5 

25 

<2 

<5 

MBAS  Test 

River  water  from  stations  11  and  15  and  the  Champion  wastewater  (12) 
were  sampled  for  MBAS  testing  in  February  1985  and  transported  refrigerated 
to  the  DHES  Chemistry  Laboratory.   Like  the  foaming  tests,  only  the  Champion 
wastewater  produced  a  positive  test.   However,  interfering  agents  apparently 
were  present  in  the  wastewater.   The  MBAS  test  results  for  that  sample  and 
the  river  sample  collected  downstream  from  the  wastewater  discharge  may  not 
be  accurate.   Table  4  gives  the  test  results  and  lab  remarks  regarding  the 
interferences. 
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Table  2.   Sample  Collection  and  Analysis  Methods  for  Foam  Testing 


Variable 

Foaming  Tendency  and 
Stability  (as  mg/1  LAS) 


Collection  Metnod 


Grab  Sample 


Analytical 

■-fetnod 

1AFPI  l) 


Laboratory 
MDHES  Cnem  Lab 


,-tethylene  Blue  Active  Grab  Sample 

Substances  (MBAS)  Test  (.mg/1) 


EPA  425.1 


2) 


MDHES  Chem  Lab 


Foam  GC/MS  Priority  Pollutant  Suction  Pump 

dnd  Scan  Analysis     (ug/1) 


EPA  b08  3) 
EPA  b24  ^ 
EPA  625  3) 
EPA  lb24  3) 
EPA  lb25  3) 


EPA  Region  VIII 
Chera  LaD 


Foam  Solids  Analysis 


Suction  Pump 


Microscopy 


MDUES  W^B 


Re  ferences 


^'Vteasureikint,  Control,  and  Changes  in  Foaning  Characteristics  of  Pulping  Wastes  during 

Biological  Treataient , "     tf.L.   Carpenter  and  I.  CelLnan  in  TaPPI  Journal,   Vol.50,   No.   j,  May  1*)7. 

-•'"Metnods  tor  Cnemical  Analysis  of  Water  and  Wastes,"    EPa-oOU/4-79-020,     d.S.   Environmental 
Protection  Agency,     l9d_J  (Revised). 

-'■'Federal  Register,   Vol.  49,   Mo.   2U9,  appendix  A,  Octooer  26,   W84. 


*      A  modification  of  tne  referenced  analysis  .nethod  was  utilized.     LAS  (linear  alkyl  sulfonate) 
was  used  as  a  reference  material  instead  of  riBS  (.alxyl  oenzene  sulfonate),     rknce,   results 
are  expressed  in  tenns  of  equivalent  concentrations  of  LAS  in  mg/1. 
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Table  4.   Results  of  the  Methylene  Blue  Active  Substances  (MRAS)  Test 
Station       MB AS  (mg/1)  Lab  Remarks 

11  <  .005  Sample  formed  no  scum  during  the 

extraction  phase  of  the  test. 

12  .710  Sample  formed  an  unbreakable  emulsion 

during  extraction  and  had  to  be  diluted. 
A  1:20  dilution  also  formed  an  emulsion 
but  not  as  badly.   The  test  result  is  most 
probably  low. 

15  <.  .005  Sample  formed  a  very  slight  scum  during 

the  extraction  which  may  have  been  due  to 
wastewater  influence. 

Organic  and  Microscopic  Foam  Analysis 

Samples  of  surface  foam  were  collected  at  stations  06,  10,  16  (Clark 
Fork  at  Ninemile) ,  21  (Clark  Fork  below  St.  Regis)  and  12  (Champion 
wastewater  storage  pond  number  10)  during  the  week  of  September  22,  1985  and 
transported  refrigerated  to  the  laboratory. 

The  results  of  the  GC/MS  analysis  of  the  foam  samples  performed  by  the 
U.S.  EPA  Region  VIII  Laboratory  in  Denver  were  not  available  at  the  time  of 
report  preparation.   A  Table  5  containing  these  data  will  be  distributed  as  a 
supplement  in  the  near  future.   Descriptions  of  the  solid  materials 
identified  in  the  foam  samples  and  the  condition  and  relative  abundance  of 
each  component  follow  in  Table  6. 

Table  6.   Microscopic  examination  of  solid  materials  in  the  river  and 
wastewater  foam  samples 

06  -  Clark  Fork  at  Reserve  Street 

diatom  algae  (mostly  decadent  or  dead  periphytic  forms)  -  abundant 

desmid  algae  (Cosmarium  and  Closterium,  healthy  or  decadent)  -  common 

misc.  algae  (mostly  decadent  or  dead)  -rare 

insects  (primarily  dead  adult  midges)  -  rare 

insect  parts  (exuviae,  head  cases,  legs,  antennae,  exoskeleton 

fragments)  -  very  common 
fungi  (primarily  Fungi  Imperfecti  associated  with  plant  matter)  -  very 

common 
bacteria  (masses  of  cells,  not  clearly  associated  with  organic  matter)  - 

very  common 
organic  matter,  FPOM  (allochthonous  plant  fragments,  unidentified 

amorphous  masses)  -  common;  pollen  -  rare, 
inorganic  matter  (very  fine  sand  and  silt  particles)  -  common 
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10  -  Bltterroot  River  Near  Mouth 

diatom  algae  (mostly  decadent  or  dead  periphytic  forms)  -  abundant, 
desmid  algae  (Closterlum  and  Staurastrum,  appeared  healthy  )  -  common. 
other  algae  (Scenedesmus,  Osclllartoria,  Pedlastrum  and 

Dactylococcopsls ,  healthy  or  decadent)  -  common 
insects  (adult  midges)  -  common 

insect  parts  (exuviae,  legs,  exoskeleton  fragments)  -  very  common 
fungi  (primarily  Fungi  Imperfecti  associated  with  plant  matter)  -  very 

common 
bacteria  (single  cells  and  aggregates)  -  very  abundant 
organic  matter,  FPOM  (allochthonous  plant  fragments)  -  very  common; 

pollen  rare 
inorganic  matter  (very  fine  sand  and  silt  particles)  -  uncommon 

12  -  Champion  International  Pond  10 

algae: 

-  Oscillatoria  (appeared  healthy)  -  abundant 

-  Chlamydomonas  (decadent  or  dead)  -  abundant 

-  Euglena  (motile,  healthy)  -   rare 

-  diatoms  (decadent  or  dead)  -  rare 
insects  or  insect  parts  -  none  present 
protozoans: 

-  ciliates  (motile,  healthy)  -  rare 

testaceous  amoebas?  (tests  or  shell  only)  -  very  common 
bacteria : 

-  Chromatium?  (purple  sulphur  bacteria  )  -  abundant 

-  Macromonas?  and  Thiothrix?  (colorless  sulfur  bacteria)  -  common 

-  other  (unidentified  rods,  coccoids)  -  very  common 
fungi  (Fungi  Imperfecti?)  -  rare 

organic  matter,  FPCM: 

-  unidentified  amorphous  masses  (10-100  urn  diameter;  cellulose?)  - 

abundant 

-  allochthonous  plant  fragments  -  uncommon 
inorganic  matter  -  not  apparent 

16  -  Clark  Fork  at  Ninemile 

algae : 

-  diatoms  (mostly  decadent  or  dead,  some  healthy)  -  very  common 

-  Oscillatoria  (appeared  healthy)  -  common 

-  Staurastrum,  Scenedesmus,  Cosmarium,  and  Chlamydomonas  (appeared 

healthy)  -  rare 
insect  parts  (exuviae,  antennae)  -  common 
fungi  (Fungi  Imperfecti)  -  very  common 
bacteria  (rods,  coccoids,  motile  "spirillum")  -  very  common 

-  sulfur  bacteria  not  apparent 
protozoans : 

-  ciliates  -  common 

-  amoeba  (tests  only)  -  rare 

organic  matter,  FPOM,  ("unidentified  amorphous  masses,  100-200  um 

diameter;  cellulose?)  -  very  common 
inorganic  matter  (very  fine  sand  and  silt  particles)  -  common 
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21  -  Clark  Fork  below  St.  Regis 

diatom  algae  (mostly  dead)  -  common 

other  algae  (Scenedesmus,  Pediastrum,  and  Cosmarium,  appeared  healthy)  - 

rare 
insects  (deal  adult  midges)  -  uncommon 

insect  parts  (exuviae,  mandibles,  and  antennae)   common 
fungi: 

-  Fungi  Imperfecti  (characteristic  tetrahedral  hyphae)  -  very  common 

-  other  fungal  hyphae  (long,  relatively  large  diameter)  -  common 
bacteria  (mostly  rods,  few  motile  spirillum)  -  very  common 
organic  matter,  FPOM: 

-  unidentified  amorphous  masses  (some   100  um;  cellulose?)  -  very 

common 

-  allochthonous  plant  fragments  -  uncommon 
inorganic  matter  (very  fine  sand  and  slit)  -  uncommon 

CHAMPION  WASTEWATER  MICROSCOPIC  ANALYSIS 

Rationale 

The  WQB  had  received  a  number  of  complaints  from  citizens  who  noticed 
shoreline  deposits  of  dried  organic  material  resembling  paper  fibers  that 
were  believed  to  have  originated  form  the  Champion  Kraft  Mill  wastewater 
discharge.   Several  samples  of  this  material  proved  to  be  dehydrated  river 
algae  left  exposed  along  the  river  banks  when  high  water  receded.   In  order 
to  determine  conclusively  the  nature  of  solid  materials  in  the  Champion 
wastewater  and  to  address  the  public  concerns,  samples  were  collected  on  a 
routine  basis  for  microscopic  examinations. 

Methods 

Beginning  in  October,  1984,  unpreserved  grab  samples  of  Champion 
wastewater  were  collected  at  least  monthly  for  microscopic  examination  and 
identification  of  constituent  living  and  non-living  materials 

Results 

Results  of  the  microscopic  analyses  of  the  Champion  wastewater  are  given 
in  Table  7. 
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Table  7.   Microscopic  Examination  of  Solid  Materials  in  Champion  Wastewater 
Samples . 


Date        Discharge 
Collected      Number  Analysis 

10/15/84         003  150  ml  filtered.    Euglena  sp.  (Large-35  u 

long,  green,  with  red  eyespots) ,  abundant. 

Chlorella  (?)  (small-5  to  10  u  diameter, 
green  spheres,  without  eyespots),  abundant. 

Diatoms  (Nitzschia ,  Navicula ,  Synedia, 
Diatoma,  Cymbella  some  living,  common. 

Bacteria?   Yeast?   (very  small  -   1  u 
diameter  colorless  cells,  solitary  or  in 
small  clusters),   extremely  abundant. 

Misc.   spores,  eggs,  cysts,  etc.,   common. 

Clark  Fork   Material  on  filter  paper:   Diatoms  very 

River  at     abundant.   Detritus  common. 

Harper 

Bridge 

Clark  Fork   Material  on  filter  paper:   Diatoms  very 

River  at     abundant.   Detritus  common. 

Huson 

11/15/84         003  Phacus  sp.  common,  Euglena  sp.  rare  (1 

observed),  Chlamydemenas  sp.  (?) 
fast-swimming  green  flagellate  (very  small 
compared  to  Phacus),  Chlorella  sp.  rare, 
Ankistrodesmus  sp.  rare  (1  observed),  stalked 
ciliated  protozoan  (") .   Very  small  (smaller 
than  Chlamydemonas)  dark-colored  (not  green) 
and  motile  protozoans  very  common.   Bacteria 
(?)  detritus  ?  "color  bodies"?   Extremely 
small  (   1  u  diameter)  and  extremely 
abundant.   Sample  given  to  Anne  Poor,  DHES 
Microbiology  Laboratory,  for  agar  smear.   No 
large  swimming  organisms  and  no  paper  (wood) 
fibers  visible. 

Trom  Anne  Poor,  DHES  Microbiology  Laboratory: 
Champion  discharge  received  11/15/14, 
Bacteria:   Bacillus  sp.  predominant,  2  gram 
negative  rods,  1  gram  positive  cocci.   Fungi: 
Penicillium  sp.,  Streptomyces  sp.   Champion 
discharge  received  11/21/84  similar  if  not 
identical  mix  of  bacteria  and  fungi. 
Aerobic,  common  stuff  nothing  unusual  or 
pathogenic . 
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Table  7.   Continued 


Date        Discharge 
Collected      Number 


12/11/84 


1/14/85 


003 


Pond  12 
Overflow 


Analysis 

Besides  the  usual  fungi  and  bacteria,  sample 
contained  Phacus  and  a  variety  of  green  and 
colorless  flagellates.   One  globe-shaped 
green  flagellate  had  flagella  of  unequal 
length,  one  much  longer  than  the  other. 

Sample  contained  mostly  bacteria,  clumps  of 
bacteria  and  clumps  of  non-descript 
particulate  organic  matter.   Contained  a  few 
very  small  colorless  flagellates.   No  algae 
observed,  however  sample  was  stored  (in 
refrigerator)  for  one  month  prior  to 
analysis. 


Nothing  resembling  wood  or  paper  fibers  was 
observed. 


2/21/85 


003 


Effluent  contained  mostly  very  small 
particles,  presumably  bacteria,  of  several 
shapes,  including  round,  rod  and  a  few 
Spirillum-shaped  cells.   A  very  few  large, 
colorless  zoof lagellates  were  present.   No 
algae.   (Ponds  ice  covered.)   A  few 
structures  that  may  have  been  sulfur 
bacteria. 


3/18/85 


003 


Amorphous  organic  detritus  present;  nothing 
resembling  wood  or  paper  fibers. 

Sample  smelled  distinctly  of  hydrogen 
sulfide.   Dominated  by  bacteria,  fungi  and 
very  small,  finely  divided  particulate 
organic  matter  with  scattering  of  colorless 
flagellates  and  ciliates. 

No  algae  or  wood  cells  or  higher  animals 
(crustaceans,  rotifers,  etc.")  present. 


4/10/85 


003 


Several  of  the  same  structures  present  as 
observed  in  the  February  collection. 

Sample  odor  and  color  were  typical  of 
Champion  effluent.   Dominated  by  bacteria, 
including  unicellular  rod,  ovoid,  "vibrio" 
and  "spirillum"  forms,  filamentous  rods  and 
aggregates  of  rods  and  ovoid  forms.   Some 
possessed  sheaths,  capsules  or  flagella.   The 
green  sulfur  bacteria  Chlorochromatium 
aggregatum  was  less  common  but  quite 
distinctive,  resembling  a  motile  "bunch  of 
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Table  7.   Continued 


Date        Discharge 

Collected      Number  Analysis 

grapes".   (May  have  been  the  colorless  sulfur 
bacterium  Macromonas . ) 

No  fungal  hyphae  were  found.   Three  genera  of 
algae  were  identified:   the  green  algae 
Chlorella,  which  was  fairly  common,  and  the 
blue-greens  Chroococcus  and  Oscillatoria, 
both  of  which  were  rare. 

A  single  ciliate  was  observed.   No  other 
protozoans  or  higher  animals  were  found. 

The  sample  contained  a  fair  amount  of  fine 
particulate  organic  matter,  but  nothing 
identifiable  as  wood  cells  or  paper  fibers. 

4/23/85  003  Sample  odor  and  color  typical  of  Champion 

effluent.   Again  dominated  by  a  diverse 
variety  of  bacteria.   Flagellated,  colorless 
unicellular  bacterium  with  distinctive 
globules  within  membrane  (resembled  "bunch  of 
grapes")  very  common.   Appears  to  be 
colorless  sulfur  bacterium  Macromonas.   Also 
filamentous  form  with  globules  (sulfur 
bacterium  Thiothrix?) .   Both  stained  gram 
negative.   Another  filamentous  bacterium 
resembled  blue  green  algae  Oscillatoria,  only 
very  narrow  and  colorless.   No  fungi  were 
identified. 

Algae  included  Chlorella  (common), 
Chlamydomonas  (rare)  and  one  individual  of 
Euglena  gracilis. 

Ciliated  and  flagellated  protozoans  were 
rare.   Stalked  rotifers  were  present  amongst 
bacteria  filaments. 

Fine  particulate  organic  matter  was  common, 
but  nothing  identifiable  as  wood  cells  or 
paper  fibers  were  present. 

5'8'85  003  Sample  color  and  sulfurous  odor  was  typical 

of  previous  Champion  effluent  samples. 
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Table  7 


Continued 


Date 
Collected 


Discharge 
Number 


5/22/85 


003 


Analysis 

Biota  again  was  dominated  by  many  forms  of 
bacteria.   The  motile  colorless  sulfur 
bacterium  Macromonas,  and  what  appeared  to  be 
the  motile  purple  sulfur  bacterium  Chromatium 
were  very  common.   Other  non-motile, 
colorless  coccoids  with  distinctive  "sulfur" 
globules  were  very  numerous.   Filamentous 
forms  were  relatively  rare.   No  fungal 
filaments  were  identified. 

Algae  included  Chlamydomonas  and  Phacus  (both 
common)  and  Euglena  and  Chlorella  (both 
rare) . 

Colorless  ciliated  protozoans  were  common. 
No  rotifers  or  other  animals  were  seen. 

Fine  particulate  organic  matter  was  fairly 
common,  but  nothing  identifiable  as  wood  or 
paper  fibers  were  seen. 

Sample  color  and  sulfurous  odor  again  typical 
of  previous  Champion  effluent  samples. 

Biota  was  dominated  by  many  forms  of 
bacteria,  although  algae  were  more  common 
than  before.   Purple  sulfur  bacteria  were 
abundant  with  what  appeared  to  be  Thiothece 
the  most  common  and  the  motile  forms 
Chromatium  and  Thiospirillum  less  numerous. 
Thin  filamentous  green  or  colorless  bacteria 
were  also  common.   The  motile  colorless 
bacterium  Macromonas  was  rare  in  this  sample. 

Algae  included  Phacus  (2  or  3  spp.)  which  was 
very  common,  Euglena,  Chlamydomonas  and 
Chlorella  which  were  common,  and  Oocystis 
which  was  rare. 

Colorless  flagellated  protozoans  (mistaken  as 
ciliates  in  the  last  few  samples'!  were  very 
common. 

Fine  organic  particles  were  relatively  rare, 
and  no  wood  or  paper  fibers  were  seen. 
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Table  7. 

Continued 

Date 

Discharge 

Collected 

Number 

6/5/85 

001  and 

003 

Analysis 

Color  and  odor  of  effluent  samples  typical  of 
previous  samples.   Biota  again  dominated  by 
many  forms  of  bacteria. 

Discharge  001  contained  primarily  non-motile 
forms,  probably  Chromatium  and/or  Thiothece 
purple  sulfur  bacteria,  plus  unidentified 
rods  and  spheres. 

Discharge  003  contained  non-motile  and  motile 
forms  of  what  appeared  to  be  Chromatium, 
Thiothece  and  Thiospirillum  sulfur  bacteria, 
in  descending  order  of  abundance. 
Unidentified  rods  and  spheres  were  very 
common. 

Algae  in  001  were  relatively  uncommon,  with 
Chlamydomonas  and  Chlorella  present.   In  003, 
Phacus  and  Chlamydomonas  were  common,  and 
Chlorella  and  Ankistrodesmus  rare. 

Flagellated  protozoans  were  common  in  both 
samples . 

Fine  organic  particles  were  common,  but  no 
wood  or  paper  were  observed. 

The  Clark  Fork  at  Huson  contained  primarily 
periphytic  algae  (diatoms,  filamentous  greens 
and  blue-greens) .   None  of  the  forms  common 
to  Champion  wastewater  were  observed. 
Bacteria  were  very  rare,  while  much  inorganic 
sediment  was  present.   Nothing  visually 
attributable  to  Champion  wastewater  was 
identified . 


6/18/85  003  Color  and  odor  was  typical  of  Champion 

effluent . 

The  biota  was  dominated  by  purple  sulfur 
bacteria  Chromatium,  Thiothece  and 
Thiospirillum,  colorless  sulfur  bacterium 
Macromonas,  and  many  very  small  unidentified 
spherical  bacteria. 

Phacus  and  Chlamydomonas  were  again  the 
common  algae,  with  Ankistrodesmus  and  diatoms 
rare. 
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Table  1.       Continued 


Date        Discharge 

Collected      Number  Analysis 

Flagellated  and  ciliated  protozoans  and 
planktonic  rotifers  were  common. 

Fine  organic  particles  were  common,  but  no 
wood  or  paper  fibers  were  observed. 

7/29/85  002  The  sample  appeared  to  be  darker  brown  in 

color  than  previous  Champion  effluent 

samples,  and  didn't  have  as  strong  a 
sulfurous  odor. 

The  flora  was  largely  dominated  by  bacteria, 
with  much  fewer  algae  than  before.   What 
appeared  to  be  the  sulfur  bacteria  Thiothece, 
Chromatium,  and  Macromonas ,  in  decreasing 
order  of  abundance,  were  most  obvious.   Many 
other  less  conspicuous  forms  were  present  in 
great  numbers. 

Algae  present  included  Oscillatoria, 
Chlamydomonas  and  possibly  Oocystis,  all 
uncommon  to  rare. 

Protozoans  were  noted,  but  were  relatively 
uncommon. 

Particulate  organic  matter  was  spare,  and  no 
paper  or  wood  "fibers"  were  seen. 
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FISH  FLESH  TASTE  AND  ODOR  EVALUATIONS 


Rationale 


In  order  to  address  citizen  complaints  of  catches  of  off-flavor  fish  in 
the  Clark  Fork  below  the  Champion  mill  during  periods  of  direct  discharge, 
several  standardized  flavor  and  odor  tests  using  rainbow  trout  were  conducted 
during  the  study  period. 

Methods 

The  first  test  utilized  hatchery-reared  rainbow  trout  brood  stock  which 
had  been  exposed  in  aquaria  to  river  water  dilutions  of  Champion  effluent 
ranging  from  200:1  (the  theoretical  maximum  instream  concentration  of 
wastewater  after  mixing)  to  10:1.   Following  the  exposure  period,  fish  were 
baked  and  rated  for  off-odor  and  off-flavor  by  a  panel  of  20  judges  at  Oregon 
State  University. 

The  second  test  consisted  of  an  identical  evaluation  of  resident  Clark 
Fork  rainbow  trout  collected  from  several  locations  above  and  below 
Champion's  direct  discharge. 

Results 

The  results  and  more  detailed  methods  and  descriptions  of  the  two  flavor 
evaluation  tests  are  given  in  the  following  pages. 
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^\\\    Shamoion 

January  30,  1985 


Mr.  Glenn  Phillips 
Water  Quality  Bureau  -  DHES 
Cogswell  Building 
Helena,  MT  59620 

Dear  Mr.  Phi  11 ips: 

Enclosed  are  two  reports  concerning  the  fish  taste  study  which  was  run 
in  October  and  November  on  the  Champion  Frenchtown  Mill  effluent.  This 
study  completes  the  first  of  the  two  fish  flavor  studies  required  by 
Champion's  MPDES  permit. 

The  first  of  the  enclosed  reports  is  by  Dr.  Vance  Thurston  of  Montana 
State  University  and  details  the  procedures  used  to  expose  rainbow  trout 
to  the  mill  effluent.  The  mill  effluent  used  was  the  treated  waste  water 
that  was  being  discharged  to  the  river.  The  concentrations  of  effluent 
used  for  these  flavor  tests  were  1/10,  1/50,  1/100,  and  1/200.  The  mill 
effluent  is  discharged  to  the  river  at  concentrations  less  than  the  1/200 
dilution.  The  only  time  a  1/200  would  be  approached  would  be  at  times 
during  the  high  river  flows  in  the  spring. 

The  second  report  is  the  one  submitted  by  Dr.  Mina  McDaniel  of  Oregon 
State  University  with  the  results  and  data  from  the  fish  tasting  panels. 
Generally,  the  results  indicate  that  effluent  at  1/100  and  1/200  concen- 
trations do  not  impair  the  flavor  or  odor  of  fish. 

If  you  have  any  questions  concerning  these  reports  or  the  tests,  please 
contact  me. 

Sincerely, 

Bill  Henderson 
Environmental  Supervisor 
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INTRODUCTION  AND  BACKGROUND 

V  This  report  covers  the  background  of,  and  procedures  used  during, 

exposure  tests  at  Fisheries  Bioassay  Laboratory  (FBL) ,  Montana  State 
University  (MSU),  of  rainbow  trout  (SaliaQ  qairdneri)  to  Kraft  mill  waste 
water  received  in  October  1984  from  the  Frenchtown,  Montana,  paper  mill  of 
the  Champion  International  Corporation. 

Robert  V.  Thurston,  Director  of  FBL,  was  contacted  by  telephone  by  Dr. 
Glenn  Phillips,  Montana  Fish,  Game,  and  Parks,  in  early  summer  1984. 
Phillips  asked  Thurston  if  FBL  would  be  able  to  conduct  exposure  tests  for 
Champion;  if  so,  contact  should  be  made  with  Mr.  Bill  Henderson  at 
Champion.   In  a  subsequent  series  of  telephone  conversations  during  June  - 
October  1984  with  Phillips,  Henderson,  Mr.  Larry  Weeks  (Champion),  and 
eventually  Dr.  Mina  McDaniels  and  Professor  Jerry  Starks  (both  of  the 

r  Department  of  Food  Science  and  Technology,  Oregon  State  University, 

Corvallis),  the  following  test,  procedure  was  decided  upon. 

Basic  Research  Plar, 

Fish  would  be  exposed  at  FBL  to  four  different  dilutions  of  Kraft  mill 
waste  water  for  a  48-hour  period.  The  exposure  would  be  a  modified  static 
test,  with  water  changed  at  -12-hour  intervals.  The  exposure 
concentration  would  be  1  part  waste  water  in  10  parts  solution,  1  in  50,  1 
in  100,  and  1  in  200,  in  addition  to  a  control  group  of  fish  exposed  only 
to  dilution  water.  Twice  as  many  control  fish  would  be  needed  as  the 
number  of  fish  tested  at  each  exposure  concentration.  During  the  exposure 
period  at  FBL,  measurements  would  be  made  of  temperature  and  dissolved 
oxygen  (D.O.)  concentrations  in  each  exposure  tank. 
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The  range  of  exposure  concentrations  was  chosen  by  the  following 
f  rationale:  the  "worst  possible  case"  of  Kraft  mill  waste  water 

concentration,  after  mixing  of  the  Frenchtown  mill  effluent  into  the  Clark 
Fork  River,  was  reported  to  be  0.5%  (Henderson);  concentrations  of  Kraft 
mill  waste  water  in  the  range  1-10%  (v/v)  have  been  reported  to  induce  off- 
flavor  to  fishes  CPersson  1984). 

The  dilution  water  for  the  solution  would  be  that  available  to  FBL 
frcm  a  ground  spring  source,  characteristics  of  which  are  listed  in  Table 
1.  For  comparison,  characteristics  of  the  Clark  Fork  River  above  the 
Frenchtown  mill,  as  reported  by  U.S.  Geological  Survey  (1984)  are  provided 
in  Table  2.  The  Champion  Paper  Company  discharge  point  into  the  Clark  Fork 
is  approximately  11  km  downstream  from  the  Geological  Survey  monitor ing 
station. 

After  exposure  at  FBL,  rish  would  have  their  heads  removed,  be  gutted 
and  scaled,  individually  packaged  in  aluminum  foil,  and  immediately 
preserved  by  freezing.  Fish  wculd  subsequently  be  packaged  in  cry  ice  and 
shipped  by  air  carrier  to  Oregcn  State  University  lOSU)  where  tney  would  be 
prepared  for  and  tasted  by  duplicate  flavor-test  panels. 

Preliminary  Tests 

In  conversation  with  McDaniels  and  Starks,  it  was  determined  that  the 
ideal  size  fish  for  flavor  test  preparation  at  OSU  would  be  fish  in  the  2-3 
lb.  (1-1.5  kg)  range.  Mature  rainbow  trout  (Winthrop  strain)  of  this  size 
were  obtained  from  the  Fish  Technology  Center,  U.S.  Fish  and  Wildlife 
Service,  Bozeman,  and  transferred  to  FEL  on  27  September  1984.  These  fish 
were  maintained  in  circular  (1.2  m  diameter)  holding  tanks  with  a  water 
volume  of  600  liters. 
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Table  1.  Characteristics  of  dilution  water  at  FBL.   (Values  are  mg/ liter 
unless  noted  otherwise.) 


Al 

<0.02 

Ba 

0.031 

Be 

^0.002 

B 

<0.01 

Cd 

<0.005 

Ca 

46 

CI 

<1 

Cr 

<0.1 

Cu 

<0.002 

F 

0.35 

Fe 

<0.004 

Pb 

<0.01 

Mg 

9.8 

Mn 

0.006 

Hg 

<0. 00005 

Mo 

<0.05 

Mi 

<0.05 

P 

<1 

K 

0.48 

Si 

0.3 

Na 

0.6 

Sr 

<0.05 

Zn 

0.01 

P033~ 

0.05 

S042- 

17 

Total  organic  carbon 


3.3 


Specific  equivalent 
conductance,  Siemens  25  C      340 

Turbidity,  nephelometric 
turbidity  units  1. 
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Table  2.     Characteristics  of  Clark  Fork  River  water  above  the  Champion  mill 
at  Frenchtown,    Montana.^/     (All  values  reported  are  mg/liter 
unless  otherwise  specified.) 


Variable  Range 

Temperature  0.0-22.5C 

pH  7.8-8.4 

Dissolved  oxygen  8.8-13.0 

S.E.C.    (umhos,    25C)  118-278 

Alkalinity    (as  CaCC^)  55-117 

Hardness    las  CaC03)  58-130 

Ca  16-38 

Mg  4.3-9.6 

Na  2.6-7.4 

K  1.1-3.3 

S042-  9.5-36 

P    (Total)  0.03-0.12 

CI"  0.9-3.2 

NH3-N  0.12-0.59 


&/ Source  U.S.   Geological  Survey   (1984).      Range  of  values  reported  are   those 
for   the  water  year  1983    (October  1982-September  1983).     See  reference 
source  for  rnore  information. 


I 
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During  2-4  Gctcber  1984  preliminary  tests  were  conducted  at  FBL  to 
determine  the  rate  of  oxygen  consumption  of  these  fish  under  a  static  (non 
flow-through)  test  condition.  The  actual  weight  of  the  fish  tested  were  in 
the  1.0-1.2  kg  range.   It  was  determined  that  with  six  fish  of  this  size  in 
600  liters  of  water  in  the  test  tanks  to  be  used,  the  D.O.  loss  over  a  4- 
hour  period  was  approximately  0.2  mg/liter/fish/hr,  although  this  rate 
decreased  after  4  hours  to  as  low  as  0.1  mg/liter/fish/hr.  It  was  further 
determined  that  these  fish  could  survive  for  periods  up  to  12  hours  at 
concentrations  as  low  as  2-3  mg/liter  D.O. 

The  oxygen  demand  of  the  Kraft  mill  waste  water  itself  was 
approximated  by  a  test  conducted  by  Champion  personnel  in  Frenchtown,  and 
reportd  by  Weeks  to  Thurston  on  19  September.   In  this  test  the  D.O. 
concentration  of  available  tap  water  was  measured,  and  using  this  as 
dilution  water,  a  10%  solution  of  mill  waste  water  was  prepared.  The  D.O. 
concentration  of  the  mixture  was  measured  at  1-hour  intervals  for  11  hours; 
results  are  reported  in  Table  3.   The  D.O.  decrease  at  1  hour  is  attributed 
primarily  to  the  mixture  of  the  mill  waste  water  at  essentially  zero  D.O. 
concentration  with  the  tap  water.  The  drop  in  concentration  over  the  next 
10  hours  was  approximately  0.1  mg/liter/ hour.  This  was  considered  to  be  of 
minimal  consideration  to  the  projected  D.O.  demand  by  the  test  fish. 

Initially,  we  preferred  not  to  aerate  the  exposure  solutions  during 
test  because  of  the  unknown  amount  of  volatiles  hi  the  Kratt  mill  waste 
water.   Under  the  modified  static  test  regime  proposed,  however,  the  D.O. 
concentrations  could  approach  dangerously  low  levels,  causing  metabolic 
stress  to  the  fish  and  possibly  death.  The  alternatives  were  to  change  the 
test  concentrations  at  more  frequent  intervals  (3  or  4  hours),  or  changing 
to  a  flcw-thrcugh  test  design.   Either  alternative  would  have  markedly 
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Table  3.  Oxygen  demand  of  Kraft  mill  waste  water,  10%  solution  in 
tap'water  (Test  conducted  by  Champion  personnel  at 
Frenchtown.) 


Elapsed  time, 
hours 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Dissolved 

or/gen, 

mg/liter 

8. 

03/ 

7. 

C 
i  -J 

7. 

,5 

7, 

.6 

7, 

.4 

.  ^ 

7 

.2 

7 

.1 

6 

.9 

6 

.6 

5 

.6 

6 

.4 

^D.O.   concentration  in  tap  water  prior   to  mixing. 
b/y.Gt  treasured 
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increased  the  amount  of  Kraft  mill  waste  water  to  be  transported  from 
Frenchtown  to  Bozeman.  A  decision  was  made  to  aerate  the  solutions  to  be 
tested,  based  on  the  test  protocol  for  Kraft  mill  waste  water  reported  by 
Shumway  and  Palensky  (1973).  We  also  elected  to  maintain  the  control  fish 
under  flow-through  conditions,  primarily  because  we  wanted  the  control  fish 
to  be  under  the  least  possible  stress  conditions,  including  non-handling 
during  test. 

The  number  of  fish  to  be  tested  at  each  exposure  concentration  was 
predicated  on  the  amount  of  cooked  meat  required  for  the  flavor-test 
panels;  there  were  to  be  two  panels,  each  of  20  persons,  each  person 
requiring  2  oz.  of  cooked  meat  for  sampling;  a  total  of  60  oz.  (2.3  kg)  of 
cooked  meat  would  be  required  from  fish  from  each  exposure  concentration. 
To  determine  the  number  of  test  fish  required,  we  chose  two  fish  from  the 
test  pool,  one  of  these  visually  observed  to  be  slightly  larger  than  the 
mean,  and  one  slightly  smaller.  These  were  killed,  weighed,  prepared  for 
cooling,  weighed  again,  wrapped  in  aluminum  foil,  and  baked  at  375  F  for 
25-30  minutes  (baking  procedure  from  Starks,  OSU).  Their  carcasses  were 
picked  clean  of  flesh,  and  weighed  again.  Results  of  this  suo-test  are 
reported  in  Table  4.  From  this  test  it  was  determined  that  slightly  better 
than  50%  of  the  wet  weight  of  the  test  fish  would  be  meat  available  to  the 
flavor-test  panel.  To  provide  the  necessary  amount  of  cooked  meat,  ~5  kg 
of  fish  would  need  to  be  tested  at  each  concentration,  or  a  minimum  of  3-4 
fish  of  the  size  available  (1.0-1.2  kg).  We  elected  to  test  eight  fish  at 
each  concentration  (and  twice  as  many  control  fish)  on  the  chance  there 
might  be  some  mortality  during  test. 
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Table  4.     Results  of  sub-test  to  determine  percent  edible  meat  composition 
of  test  fish. 


Fish  #1  Fish  #2 


Whole  fish,  wet  weight  1530  g  1216 

Dressed  fish  1056  S44 

Carcass  after  cocking               228  210 

[Jet  weight  of  cocked  flesh           328  634 

Cocked  meat/whole  fish               54%  521 
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TEST  PROCEDURES 

Three  days  prior  to  test  (5  October  1984)  approximately  100  fish  were 
transferred  from  the  FTC  outdoor  raceway  to  the  tanks  to  be  used  during  the 
exposure  test  at  FBL.  Cn  8  October  these  fish  were  sorted  and  uniform  size 
fish  (1.0-1.3  kg)  were  retained  for  test.   Eight  fish  were  placed  in  four 
test  tanks,  and  22  fish  in  the  control  tank.  Ml  fish  were  maintained 
under  flow-through  conditions  for  the  next  day.  On  the  evening  of  8 
October  approximately  100  gallons  (20  5-gallon  pails)  of  Kraft  mill  waste 
water  were  brought  to  FBL  from  Frenchtcwn  by  Henderson.  This  waste  water 
was  collected  earlier  that  day  from  the  effluent  being  discharged  from 
outfall  003  at  the  Frenchtown  mill  (Henderson). 

At  0900  on  9  October  the  test  was  started-  Three  liters  of  waste  were 
mixed  with  -597  liters  of  dilution  water  in  one  of  the  test  tanks  (1/200 
concentration).   The  first  group  of  eight  fish  was  transferred  to  this 
tank.  The  tank  from  which  these  fish  had  been  taKen  was  drained,  and 
prepared  with  6  liters  of  waste  water  and  -594  liters  of  dilution  water 
(1/100  concentration),  mixed,  and  the  next  group  of  eight  fish  was 
transferred  to  this  tank.  This  procedure  was  repeated  two  more  times, 
transferring  eight  fish  to  each  of  1/50  and  1/10  concentration  mixtures. 
The  mixing  of  test  solution  and  transferring  of  fish  required  approximately 
1  hour,  so  the  actual  start-of-test  time  for  the  fish  at  the  highest 
concentration  (1/10)  was  1  hour  later  than  that  for  those  fish  at  the 
lowest  concentration  (1/200).  Incoming  water  to  the  test  tanks  was  shut 
off  at  the  time  of  mixing  the  test  concentration,  and  a  dual-piston  air 
pump  with  two  air  stones  was  used  to  provide  air  to  each  test  tank.  The 
control  fish  were  maintained  in  a  single  tank  throughout  the  test  under 
flow-through  conditions.   Immediately  after  all  fish  were  under  test,  D.O. 
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and  temperature  was  measured  in  each  tank;  these  were  measured  again  at 
1440  hours  (7.6  hours  into  test)  as  a  check  to  ensure  that  adequate  D.O. 
concentrations  were  being  maintained/  and  the  test  was  going  according  to 
plan.  At  this  time  no  fish  were  observed  to  be  under  stress,  although 
because  of  the  reduced  transparency  of  the  solutions  it  was  difficult  to 
see  the  fish  at  the  1/50  test  concentration  and  virtually  impossible  to  see 
the  fish  at  the  1/10  test  concentration. 

At  11  hours  into  test,  D.O.  and  temperature  were  again  measured  in 
each  tank,  and  the  rotation  of  the  test  fish  into  freshly  prepared  test 
solutions  was  again  started,  beginning  with  the  fish  at  the  1/200  test 
concentration.  These  fish  were  transferred  to  a  fresh  1/200  test 
concentration  in  a  tank  which  had  been  thoroughly  cleaned.  A  fresh  1/100 
test  concentration  was  mixed  in  the  tank  which  had  had  the  1/200  test 
concentration,  and  the  fish  exposed  to  the  1/100  test  concentration  were 
transferred  to  it.  The  fish  at  1/50  test  concentration  were  transferred  to 
the  tank  which  previously  had  contained  the  1/100  test  concentration,  and 
the  fish  at  1/10  test  concentration  were  transferred  to  the  tan!;  which 
previously  had  contained  the  1/50  test  concentration.   In  each  case,  the 
fresh  test  concentrations  were  mixed  in  a  tank  which  had  previously  been 
used  for  the  next  lower  test  concentration.  After  rotation  of  all  test 
fish,  the  tank  which  had  contained  the  1/10  dilution  was  thoroughly  rinsed, 
and  purged  of  carry-over  solution  by  flushing  with  fresh  dilution  water  for 
the  next  12-hour  period.  Condition  of  the  fish  at  the  1/50  and  1/10  test 
concentration  was  easily  observed  by  draining  the  tanks  to  a  low  level 
before  the  fish  were  transferred;  none  appeared  under  stress.  This  same 
transfer  procedure  was  again  followed  at  approximately  24  and  26  hours  into 
test,  always  in  the  same  order.  The  process  of  mixing  solutions  and 
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transferring  fish  required  approximately  1  hour  each  time.  Results  of  the 
D.O.  and  temperature  measurements,  before  and  after  transfer,  and  again 
just  prior  to  completion  of  the  test,  are  reported  in  Table  5.  There  was 
no  correlation  between  either  test  solution  concentration  or  air  pump 
efficiency  and  D.O.  concentrations. 

At  0900  on  11  October  (48  hours  into  test)  the  sacrificing  of  test 
fish  was  started,  beginning  with  the  fish  at  the  1/200  test  concentration. 
Each  fish  was  killed  by  a  sharp  blow  to  the  head,  the  head  and  caudal  fin 
removed,  the  body  gutted  and  scaled,  and  packaged  in  heavy  duty  aluminum 
foil.  It  required  approximately  45  minutes  to  prepare  all  fish  at  each 
concentration;  the  last  lot  of  test  fish  (1/10  concentration)  were  killed 
at  1115  hours  and  packaged  by  1200  hours.  The  total  exposure  time  of  the 
1/10  concentration  fish  was,  therefore,  -49  hours.  The  control  fish  (16 
fish  total)  were  prepared  and  packaged  by  1340  hours.  At  the  time  each 
fish  was  cleaned,  its  sex  was  determined;  the  breakdown  by  concentration 
and  sex  is  reported  in  Table  6. 
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Table  6.  Sex  of  test  fish  by  test  concentration. 

r  

No.  of  Fish 


C 


Concentration  Males  Females 

Control                           8  8 

1/200                            5  3 

1/100                            3  5 

J/50                              2  6 

1/10                              4  4 
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STORAGE  AND  SKIPPING  OF  FISH  AFTER  EXPOSURE 

After  each  fish  carcass  was  packaged  in  aluminum  foil,  these  packages 
were  combined  in  plastic  bags  (four  fish/bag),  the  bags  tagged  to  show 
exposure  concentration,  and  refrigerated-  The  complete  set  of  test  and 
control  fish  were  then  transferred  to  a  freezer  in  Cooley  Laboratory  on  the 
MSU  campus,  where  they  were  stored  from  1500  hours  on  11  October  until  1600 
hours  on  15  October.  At  that  time  the  plastic  bags  were  packaged  in  two 
styrofoam  boxes,  six  bags/box,  each  with  -10  kg  of  dry  ice,  and  delivered 
by  1700  hours  to  Federal  Express  at  Gallatin  Field,  Bozeman,  for  shipment 
to  OSU.  They  were  reported  by  Starks  to  have  been  received  at  OSU  prior  to 
1500  local  time,  in  frozen  condition,  and  a  residue  of  dry  ice  still  in 
each  container. 


-41- 


SUPPLEMENTAL  ACTION  AFTER   INITIAL  FLAVOR  TESTS 

On  24  October  it  was  reported  to  Thurston  by  McDaniels  that  the  flavor 
tests   (2  panels)   had  been  conducted  on  19  October.      Initial  analysis  of  the 
results  of  the  flavor  test  indicated  that  one  panel  found  no  significant 
difference  in  off-flavor  among  the  test  and  control  groups.     The  other 
panel,  however,  had  detected  slight  off-flavor  of  both  the  fish  exposed  at 
1/10  dilution  and  the  control  fish.     McDaniels  also  reported  that  only  half 
the  fish  provided  were  required  for  the  flavor   test. 

After  discussion  between  McDaniels  and  Thurston,   and  consultation  with 
Henderson,   it  was  decided  to  re-run  the  flavor  test  at  OSU  during  the  week 
of  29  October,  using  the  remaining  fish,  but  this  time  to  include  a  second 
control  group  of  fish;    this  group  to  be  fish  from  the  pool  still  at  FTC 
On  25  October  between  0900  and  1030  hours  four  fish  from  the  FTC  pool  were 
sacrificed,   cleaned  as  before,  and  packaged  for  shipment  to  OSU.     Two  males 
and  two  females  were  selected  and  packaged  separately.     These  fish  were 
kept  cool  and  placed  in  a  freezer  at  Cooley  Laboratory  by  1100  hours, 
packed  in  a  styrofoam  container  with  ~io  kg  dry  ice  at  1630  hours,  and 
picked  up  by  Federal  Express  at  1700  hours  for  over-night  shipment  to  OSU. 
It  was  reported  to  Thurston  at  1700  hours  on  26  October  that  the  fish  had 
been  received  earlier  in  the  day  at  OSU. 
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OBSERVATIONS  ON  POTENTIAL  FOR  ACUTE  TOXICITY 
OF  THE  KRAFT  MILL  WASTE  WATER  TESTED 


Although  the  exposure  regir.e  employed  was  intended  for  the  purpose 
stated  in  the  Backgound  section  above,  i.e.,  whether  bioconcentration  of 
components  in  Kraft  mill  waste  water  by  the  test  fish  might  result  in 
flavor  impairment,  there  is  also  an  observation  that  can  be  made  regarding 
the  relative  toxicity  of  the  waste  water.  It's  acute  toxicty  was  not 
tested,  but  a  conclusion  that  can  be  drawn  is  that  under  the  test 
conditions,  and  for  the  test  fish  employed,  a  10%  concentration  (v/v)  of 
the  Kraft  mill  waste  water  was  not  acutely  toxic  during  a  48-hour  test 
period.  Considering  the  overall  vigor  of  the  fish  in  the  10%  concentration 
test  tank  at  the  close  of  the  48-hour  test  period,  presumably  these  fish 
could  have  endured  exposure  for  a  longer  period,  the  length  of  which  is  not 
known.  There  were  no  observable  signs  of  impairment  resulting  from  stress 
to  the  fish  at  any  of  the  dilution  concentrations,  other  than  those  usually 
observed  for  this  size  trout  maintained  in  a  relatively  confined  test 
environment.  Neither  was  there  any  visually  apparent  correlation  between 
exposure  concentration  and  overall  physical  appearance  or  behaviour. 
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PRODUCT: 

SUBMITTED  TO: 

DATES  TESTED: 

TEST  NU"3ERS : 

Sensory  Science  Laboratory 
Department  of  Food  Science  and 

Technoloay 
Oregon  State  University 
Submitted  by:   Dr.  Mina  R.  McDaniel 
November  15,  1984 

FLAVOR  EVALUATION  REPORT 

Trout 

Champion    International 

October  19,    1984  and   November  2,    1984 

S204-34    (2    replicates),   S220-84    (2   replicates) 

Twenty  experienced  judges  made  up  of  university  staff  and 
students. 

BALLOT:  Off-odor  and  off-flavor  rated  on   a   9-point  intensity  scale 

( 1 ,   no  off-odor   to   9,   extreme  off-odor)    and  overall    acceptability 
rated  on  a  9-point  scale   (9,  extremely  desirable   to   1,  extremely 

undesirable) . 

SAMPLES:  Control    samples,   plus   samples   exposed   to  Kraft  Mill    Effluent 

at  dilutions   of  1/10,    1/50,    1/100,    1/200. 

PROCEDURES: 

The  fish  were  frozen  when  they  arrived.  They  were  thawed  overnight  at  room 
temperature.  The  fish  were  placed  on  aluminum  foil  covered  broiler  pans  and 
baked  35  minutes  at  375°F.  The  baked  fish  was  skinned,  boned  and  the  flesh 
was  flaked  and  thoroughly  mixed.  The  flesh  was  held  in  the  top  of  a  double 
boiler  over  hot  water  until  served.  The  second  trout  test  was  run  with  the 
original    control    and  a   new  control. 

The  same  20  judges   served  on  each   replicate   test.     However,   some  of  the  judges 
were  different  for  the  second  set  of  tests.     The  judges  were  not  screened   for 
tasting  acuity  but  were  experienced  in   the   type  of  flavor  evaluation   testing 
and  were  knowledgeable  regarding  quality  trout  aroma   and  flavor. 

RESULTS: 

The  following   tables   give   the  sample  mean   scores   and   the   treatment  Least 
Significant  Differences    (LSD)    at   the   five   and  one   percent   levels.      These   data 
were  analyzed   by  a   three   factor  analysis   of  variance    (copies   attached). 
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RESULTS:    (cont.) 

TABLE    I 


Trout  Test   -1 
Two   Replications   Analyzed  Together 


TABLE    II 


Trout  Test  -2 


Off-odor 

C|    (orig 

inal  ) 

2.43a 

C?   (new) 

3.40b 

1/10 

4.03b 

1/50 

4.18b 

1/100 

2.18d 

1/200 

1.95a 

LSD 

(.05) 

0.61 

Two   Replications  Analyzed  Together 

Off-flavor  Overall    Desirability 


2.43d 

5.83C 

4.16b 

4.82b 

-           n     0C 
0.13 

4.10a 

4.53b 

4.30ab 

2.18a 

6.48cd 

1.90a 

6.55d 

0.65 

0.67 

0.86 

0.S9 

.01)  0.80 


*  a,b,c,d       Any  mean   scores    in  any  one  column  with   the   same   superscripts 
are  not  significantly  different   from  each  other. 
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Off-odor 

Off-flavor 

Overall    Desirabi 

lity 

c 

2.7a* 

4.03b 

5.45a 

1/10 

3.23b 

3.93b 

4.95a 

1/50 

2.55a 

2.63a 

6.43b 

1/1  CO 

„   :.a 

2.52" 

D  .0 

1/200 

2.23a 

2.83a 

6.38b 

LSD 
(.05) 

0.53 

0.76 

0.72 

(.01) 

0.77 

0.99 

0.96 

Trout  Evaluation 
Page  3 

Table    I   contains   the   sample  mean  scores   from   the   first   two   replicates.      For 
all    three  attributes,   the  1/10  sample  was   significantly  different  from  the 
other  treated  samples,   and   the  other  treated  samples  were  not  significantly 
different  from  each  other.     The   1/10  sample  was   significantly  higher  in 
off-odor  and  off-flavor,   and  it  was   significantly  lower  in  overall    desirability 
than  the  other  treated  samples.      In  off-odor,   the  panel    judged   the  control    to 
be  significantly  lower  in  off-odor  than   the   1/10  sample,   however  it  was  judged 
to  be  not  significantly  different  from  the  1/10  sample   in  off-flavor  and 
overall   desirability. 

Because  of  the  unexpected   flavor  and  desirability  rating  of  the  control, 
another  test  was   run   including   the   original    control    and   treated  samples  which 
were  held  at   -10°C   for  about  15  days,   and   a   new  control    supplied   by  Montana 
State   University. 

T^bl«   II    contains   the   sample  mean  scores   from  the   second   two   replicates.      In 
th°   s-cona   series   of  tests   more   differences   among   treatments   were   noted   by 
the   panel.      In  off-odor  the  original    control    was   not  different  from  the   1/100    • 
and  1/200  samples.      In  off-flavor,    the  original    control    was   again  not  signi- 
ficantly different  from  1/100  and   1/200  samples.      The   new  control    was   rated 
not  significantly  different  from  the  1/50  sample.      Neither  the  new  control 
nor  the  1/50  sample  was   as   high   in  off-flavor  as   the  1/10  sample.      In  overall 
desirability  samples   1/10  and  1/50  were  rated  the   lowest  and  were  not 
significantly  different  from  each  other.     The   1/100  and  1/200  samples  were 
rated  as  most  desirable,   both  being  more  desirable   than   the   new  control. 

It  is   not  apparent  why  the   controls   in   test   I   and   in   test  II   are  being  rated 
high   in  off-odor  and/or  flavor.      In   testing  fish   it  is   usually  recommended  to 
do  manv  replicates    (as  many  as  six)    in  order  to  compensate   for  the  normal 
varTitTon  from  fish  to   fish.     This  may  have   been  a   problem  here.     Perhaps 
the  odor  and   flavor  of  fish   is   improved  by  low  levels  of  Kraft  Mill   effluent. 


Dr.   Mina  R.   McDaniel 
Assistant  Professor 

Attachments 

MRM/tlm 
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Champion 

Champion   n:er"a!-o^a'  C ■:■: 

November  21,  1985 


Glenn  Phillips 
Water  Qua! ity  Bureau 
Cogswell  Building 
Helena,  MT  59620 

Dear  Glenn: 

Enclosed  please  find  a  copy  of  the  second  fish  taste  test  results 
from  Oregon  State  University.  The  fish  tested  were  taken  from 
the  Clark  Fork  River  in  early  October  1985.  According  to  Ron  Stone 
of  the  Missoula  office  of  Fish,  Wildlife  &  Parks,  there  were  ten 
mature  fish  for  each  of  the  "above"  and  "below"  samples.  The  "above" 
samples  were  fish  taken  from  the  river  from  Harper's  Bridge  to  approx- 
imately 2  miles  upstream.  The  "below"  samples  were  taken  from  the 
river  between  outfall  003  and  Six-mile  Creek. 

If  I  can  be  of  further  assistance  with  this  test,  please  let  me  know. 

Sincerely, 

Bill  Henderson 
Environmental  Supervisor 

kj 

c:  Potts 
Weeks 
Gary  Ingman,  WQB 
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and  Technology 

College  of 

Agricultural  Sciences 


University 


Oregon   State   University 
Department  of   Food   Science  and 

Technology 
Sensory  Science  Laboratory 
Submitted  by:     Mina   R.   McDaniel    and 

Lee  Ann  Henderson 


0 


;orvallis. Oregon 97331-6602  (503)    754-4636 

DATE:      November  12,    1985 
FLAVOR  EVALUATION    REPORT 


PRODUCT: 


Trout 


SUBMITTED  BY:     Glenn   Phillips,   Montana    Fish   and  Wildlife 


DATE     TESTED:     10/15/85 


TEST  NUMBER   :     S235-85 


PANEL 


20   University  staff  and  students 


BALLOT:  nine-point   intensity   for  off  odor,   off  flavor  and  nine-point 

overall    desirability 


SAMPLES: 


above  Kraft  mi  1 1 
below  Kraft  mi  1 1 


PROCEDURE: 

The   fish  were   received   in  early  October  and  were   placed   in    the  freezer  until 
October  13  when    they  were   placed   in  a  40CF  cold   room  for  48  hours.      The  day 
of  the   test   (10/15/85),    the  samples  wen.-   rinsed   in   cold  water  and   baked  at 
350°F   in   foil    lined  and   covered   trays    for   35-45  minutes.     When   the   samples 
had   finished   baki ng,  the  meat  was   separated   from   the  skin  and   bones   and  placed 
in   the   top   portion  of  a   double  boiler,   hot  water  in   the  bottom  portion   kept 
tne  samples   at  serving   temperature,    100CF. 

Approximately  one  ounce   oortions   were  served   in   plastic   portion  cuds   coded 
with   3-digit   random  numbers.      Placement  of  the  samples   on    the  serving   trays 
were   randomized  and  each   panelist  did   replicate   tests.      The  panelists   were 
seated   in    individual    testing   booths    under  red   lighting. 
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PROCEDURE   (cont. 


The  judges  were  asked  to  rate   the   two  coded  samples    for  off  odor  and  off 
flavor  using  a  nine  point  intensity  scale  with   1    being  none  and  9  being 
extreme.     The  samples   were  also  rated  for  overall   desirability  on  a  nine 
point  desirability  scale  with  9  being  extremely  desirable  to   1   extremely 
undesi  rable . 

The  judges   were   volunteers   and   chosen   solely  on   availability,   but  were 
experienced   in  serving  on    flavor  evaluation   panels. 

RESULTS: 


The  following  table  shows   the  sample  mean  scores   and  the  Least  Significant 
Differences    (LSD). 

TROUT 


SAMPLES 

Above 

Below 


OFF 

ODOR 

2.08a 
2.40' 


OFF 
FLAVOR 

2.38a 

2.50a 


OVERALL 
DESIRABILITY 

6.20a 

6. 1  0a 


LSD  (.05 

(.or 


0.55 

0.61 

0.55 

0.73 

0.82 

0.73 

NOTES:      Same   letter  superscripts    indicate   no  significant  difference  at 
the  5     level . 

Off  odor  and  off  flavor   intensity  scales:      1,   none   to  9,   extreme; 
desirability  scale:    9,   extremely  desirable   to   1,   extremely  undesirable. 

There   were   no   significant  differences   between   the   samples    for  off  odor,   off 
flavor,  or  overall    desirability.      Comments  on   the  samples   and  a  sample  ballot 
are   attached. 


Mina   R.    McDaniel ,    Ph.D. 
Assistant  Professor 


Lee  Ann  Henderson 
Research  Assistant 


:U. 


Attachments 
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Attachment 
November  15,  1985 


MONTANA  TROUT 
October  15,  1985 


549  &  309  (below) 


984  &  579  (above; 


-  largely  desirable  taste 

-  great,  no  smell  and  good 
taste 

-  sweeter 

-  tuna  1  ike  aroma 

-  tuna  1  ike 

-  tasted  like  canned  fish- 
similar  to  the  difference 
between  fresh  vs.    canned 

s  a  1  mo  n 

-  tuna   type   flavor 

-  metal  1 ic   taste 


-  slightly  desirable  taste 

-  tastes  1  ike  chicken 
-dry 

-  strange  after  taste 

-  fish   type  odor--strong 

-  metal  lie  taste 
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cne  f,r,r"  **»«  extremely  desirable 

jat  detccM^a  fas*    U;artc"iV        largely 

des  irable 
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t  moderately  desirable 


r-<  Tire   *a  "M;.  -e-     slightly 
desirabl  e 

Tin fjfi rile  neither/nor 


slightly 

undesi  rable 

moderately  undesirable 


1  arge  1  i 
undesi rabl 


»  extremely 
undesi  rable 
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»  *  *  ************** 

*  * 

*  GSU  FLAVOR I UM  * 

*  * 
***************** 


COMPANY  ES  MONTANA  DEFT.  OF  FISHERIES 

DATE  OF  FEST  WAS  10-13-S5 

PRODUCT  TESTED  WAS  I'RGUT 

1  EbT  CONDUCTED  WAS  OFF  FLAVOR 

********  k  *  *  *  *  ANQ  v' A  T  A  BLE  *  *  *  *  ************ 
SOURCE    OF      S3       MS 

PANELIST   19    i5^.94    S. 15    4.44 
TRT         i    .31    .31    .17 
F*r        19    44.94    Z. 37    i .29 
ERROR     40    73.5    1-34 
TCTAL     79    273. o9 
********************************  *  *  *  *  *  *  *  * 


TREATMENT     MEAN 
2.375  / 


i 


LJL'   -)  I 


=  .612999631 

Lev)  AT  L"'l  -  .82016380a 
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*  * 

*  OSU  FLAVOR IUM  ♦ 

*  * 

<  *  i  a  *  *  *  *  *  *  *  .ic  *  *  *  *  *  • 


COMPANY  13  MONTANA  DEFT.  OF  FISHERIES 
DmTE  OF  TEST  WAS  10 -i5-35 

product  tested  'WAS  trout 

TEST  CONDUCTED  WAS  OVERALL  DESIRABILITY 

ic***********  *  ANOVA  TABLE  *  *  •*  *  *  4  »  *  *  *  *  *  *  *  .*  k 
SOURCE    CF      f3       f-IS      F 

PANELIST   19    183.7    9.o7    6.55 

7RT         1    .2    .2    .14 

F*T         19    37.3    I . ro    J . 33 

ERROR     40  59    1 . 49 

TOTAL     7^  280. Z 

TREATMENT     MEAN 

1  6.1    -  "   -'-"' 

2  6.2/ 

LSD  AT  ~','.    -     . 34^771439 
LSD  AT  IX  —  .735567525 
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SUMMARY 

The  findings  of  these  investigations  indicate  that  aesthetic  problems 
did  occur  in  the  lower  Clark  Fork  in  1984  and  1985  and  probably  resulted  in  a 
somewhat  diminished  recreational  potential.   Some  of  the  problems — like  the 
high  river  color  in  several  localized  seepage  areas — were  definitely  linked 
to  the  Champion  wastewater  disposal  system:  Others — like  the  accumulations  of 
river  foam  below  Huson  and  an  apparent  increase  in  river  organic  suspended 
solids  levels — were  possibly  associated  with  the  Champion  discharges.   Other 
significant  aesthetic  problems  clearly  not  associated  with  Champion  were 
documented  and  included: 

1)  Unnatural  increases  in  river  turbidity  due  to  the  annual  operational 
drawdown  of  Milltown  Dam, 

2)  A  localized  reduction  in  aesthetics  in  the  mixing  zone  for  the 
Missoula  WWTP  discharge, 

3)  A  foam  problem  in  the  lower  Bitterroot  and 

4)  Unnatural  fluctuations  in  river  and  reservoir  water  levels  due  to  the 
operation  of  hydroelectric  facilities  on  the  lower  Clark  Fork  and 
Flathead  Rivers. 

Reported  problems  that  can  now  be  dismissed  include  the  presence  of  wood 
fiber  deposits  in  and  along  the  river  and,  probably,  the  possibility  of  fish 
tainting  due  to  the  Champion  discharge.   However,  it  would  be  wise  to  rerun 
the  test  using  resident  rainbow  trout  during  the  high  Champion  wastewater 
discharge  period  of  spring  or  early  summer. 

It  seems  likely  that  the  Champion  wastewater  is  responsible  for  the 
increased  river  foam  because  of  its  proven  foaming  tendency  and  the  known 
presence  of  surfactants.   At  this  time,  the  foam  organic  analysis  results 
have  not  been  received.  They  may  provide  a  connection  between  the  wastewater 

and  downstream  foam. 

Further  evaluations  of  these  aesthetic  monitoring  data  are  included  in 
the  Champion  draft  EIS. 
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RESULTS  OF-  ALGAL  ASSAYS  PERFORMED  ON  WATERS 
COLLECTED  FROM  THE  LOWER  CLARK  FORK  RIVER  SYSTEM 
AT  STATIONS  BELOW  MILLTOWN  DAM  TO  BELOW  NOXON  DAM 

Report  I:   December  10-14,  1984  Sampling 


by 
Joseph  C.  Greene,  Michael  Lang  and  Cathy  Lee  Bartel 

U.S.  Envii  onmental  Protection  Agencv 

Coi  •all  is  Environmental  Research  Laboratory 

Hazardous  Waste  and  Water  Branch 

Hazardous  Waste  Assessment  Team 

200  S.W.  35th  Street 

Corvallis,  Oregon  97333 


INTRODUCTION 

A  large  amount  a-i     public  concern  has  been  expressed  ovf?r    the 
qeneral  health  of  the  lower  Clark  Fork  River  system.    The  proposed 
modification  o+  the  existing  wastewater  discharge  permit  for  the 
Champion  International  paper  mill  at  Frenchtown  has  generated  much 
of  this  concet  n.   Other  sources  or  wastewater  ,  namely  the  City  of 
Missoula  wastewater  treatment  plant  and  historic  metals  deposits 
originating  upstream  from  Milltown  Dam,  have  also  been  mentioned 
as  possible  sources  of  stress  on  the  river  (Montana,  1984;. 

The'  Sel  en as t rum  capr  l  cor  nut  urn  algal  assays  performed  during  this 
study  were  undertaken  to  fulfill  a  request  for  technical 
assistance  from  the  Montana  Wetter  Quality  Bureau  through  the  US 
EPh  Region  VIII  Water  Management  Branch  staff  in  Denver,  LU.    I  he 
Montana  Depai  tment  of  Health  and  Environmental  Services  has  a 
lower  Clark  Fori:  River  Monitoring  Plan.   Data  gathered  from  these 
assays  wi 1  I  be  used  in  conjunction  with  other  data  collected  under 
t h i s  monitoring  plan  to  define  existing  conditions  in  the  Lower 
i  J  -r  I:  For  I  River  system. 


METHODS 

Water  was  collected,  as  surface'  grab  samples,  from  nine  sites 
along  the  Liar  I  fori     River  (Table  I)  by  Mr.  Gary  Ingman  a 
biologisl  with  the  Depat  tment  of  Health  arid  Environmental 
Sciences,  State  of  Montana.   River  water  collected  at  each  site 
was  composited  in  a  large  container  and  mixed  well.   Water  from 
the  1  arge  container  was  subsampled  for  algal  assay  by  the  US  EPA 

'  /allis  Envii  onmental  Research  Laboratory,  OR.  (CERL)  and 
nutrient  and  metals  analysis  by  the  State  of  Montana.   The  sample; 
wen  shipped,  in  autoclavable  polypropylene  bottles,  through  the 
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TABLE  I.   Identification  of  Clark  Fork  River 
sampling  stations  showing  both  Montana  and' 
EPA  site  identification  codes. 

********************************************* 
*****    CLARK   FORK   RIVER    ***** 

**** **** 

***   SITE   IDENTIFICATION  *** 

MT   EPA 

Below  Milltown  Dam 
Above  Missoula  WWTP 

At  Harper  Bridge  (above  Champion) 
At  Huson  (below  Champion) 
At  Superior 

Above  Flathead  River  confluence 
Above  Thompson  Falls  Reservoir 
Below  Thompson  Falls  Reservoir 
Below  Noxon  Dam 
********************************************* 


4 

10 

6 

11 

11 

12 

15 

13 

20 

14 

22 

15 

25 

16 

27 

17 

29 

18 
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I  IB  Posts]  Service?.   They  were  received  within  3  days  of  samplinq. 

Algal  assays  were  performed  according  to  the  methods  outlined  in 
the  Sejejnastrunj  capri  cor  nut  urn  i-iiual  Assay  Bottle  lest  (Miller, 
Greene  and  Shiroyama,  1978;.   The  water  samples  wore  pretreated  bv 
autoclaving  followed  b>  filtration  through  a  0.45  micrometer 
filter.    lest  Flasks  were  dispensed  in  triplicate,  inoculated  with 
a  final  concentration  of  1000  eel  Is/ml  and  cultured  for  14-days. 
Results  were  reported  as  calculated  mg  dry  weight  S. 
capri  coi  nutum  I  i  ter  . 

fne  Montana  Water  Qualitv  Bureau's  data  sheets  for  chemical 
analysis  of  the  Harper  Bridge  (Site  12)  and  Huson  (Site  13) 
samples  indicate  thai  they  contained  bits  of  scoured  algal 
particles  and  debris.    When  the  samples  were  received  at  CLRL  they 
were  autoclaved  in  their  shipping  containers.    These  two  samples, 
therefore,  may  have  demonstrated  qreater  alqal  qrowth  potential 
than  that  which  would  have  been  found  in  the  overlying  waters. 
The  degree  of  bias  caused  by  contamination  of  these  samples  is 
unknown . 

All  applicable  QA/QC  procedures  outlined  in  the  HfiAT  quality 
assurance  plan  '.US  EPA,  1994)  were  strictly  adhered  to. 


RESULTS  AND  DISCUSSION 

The  alqal  assay  mean  maximum  yield,  standard  deviation  and 
coefficient  of  variation  is  shown  in  Table  II  for  the  controls 
cultures  as  well  as  those  spited  with  nutrient  and  chelator  (ED'TA) 
additions.   The  control  vields  from  the  nine  sites  ranged  from 
0.04  to  4  .  /  T.  mg  drv  wei  ght  /l  i  ter .   Test  flasks  spiked  with  0.05  mq 
PI  iter  produced  algal  yields  that  were  from  3  to  99  times  qreater 
than  those  found  in  their  concomitant  control  cultures.   The 
addition  of  a  combined  nitrogen  plus  phosphorus  spike  also 
increased  yields  qreater  than  those  found  in  the  P  spiked 
cultures.    I'hese  changes  in  algal  yield,  caused  by  nutrient 
additions,  demonstrate  that  all  o+  the  samples  except  Site  17  were 
primarily  qrowth  limited  by  phosphorus  and  secondarily  growth 
J  i  mi  ted  by  ni  t r  ogen  . 

Site  17,  located  below  rhompson  Falls  Reservoir,  produced  erratic 
results  when  the  N+P  spike  was  added.   Test  results  in  the  three 
repl  i  cal''  flasks  were  0.49,  19.71  and  5.30  mg  dry  weight  S. 
capj  icornutum/1  i  ter.    fhese  results  produced  a  coefficient  of 
variation  of  118"/.  arid  a  mean  yield  of  8.50  rnn  dry  weight/liter. 
rh«   addition  of  N+P+EDTri  produced  a  yield  of  7.9.46  mg  dry 
weight /liter  with  a  coefficient  of  variation  of  9"/..   This  yield  is 
significantly  greater  than  that  produced  in  the  N+P  spiled  f  lasts 
and  more  in    line  with  vields  found  in  all  of  the  other  N+P  and 
N+P+EDTA  spiked  cultures.   Erratic  results  in  N+P  spiked  flasks, 
coupled  with  the  increased  vields  in  the  N+P+EDTA  spiked  flasks, 
arc  iiidicr.it  i  ve  o-(  stress  i  aused  by  inadequate  levels  of 
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TABLE  II.   Mean  algal  assay  yields  ( mg  dry  weight/ 1  iter )  and  their 
associated  standard  deviation  and  coefficient  of  variation  for  results  of 
tests  performed  on  waters  collected  from  the  lower  Clark  Fork  River,  MT 
during  December  1984.   Assays  were  performed  for  14-days  in  waters  pre- 
treated  by  autoclaving  followed  by  filtration.  _ 

♦  ♦♦♦♦♦♦♦♦♦^i******************************************************^^^^^ 

CHEM  1.00   0.05         1.00 

SITE    ID  Cont-   mg/1   mg/1         mg/1  Limiting 

No.   (63)  Stats.   rol      N      P    N+P    EDTA   N  +  E    P+E   N+P+E  Nutrient 


10. 

49800 

Mean 

0. 

10 

0. 

07 

9. 

90 

28.73 

0. 

09 

0. 

10 

9. 

75 

34. 

64 

p/  n 

SD 

0. 

02 

0. 

01 

0. 

65 

9.33 

0. 

04 

0. 

03 

0. 

42 

2. 

91 

CV 

21 

20 

7 

33 

47 

26 

4 

8 

11. 

51801 

Mean 

0. 

87 

1  . 

06 

11. 

77 

36.  88 

0. 

79 

0. 

76 

10. 

90 

45. 

41 

p/n 

SD 

0. 

12 

0. 

11 

0. 

52 

1.78 

0. 

06 

0. 

03 

1. 

32 

3. 

09 

CV 

14 

10 

4 

5 

7 

3 

12 

7 

12. 

51803 

Mean 

1. 

05 

0. 

73 

12. 

70 

43.  34 

1. 

01 

0. 

63 

12. 

85 

44. 

68 

p/n 

SD 

0. 

44 

0. 

06 

0. 

37 

3.81 

0. 

22 

0. 

24 

0. 

98 

1  . 

46 

CV 

42 

9 

3 

9 

22 

38 

8 

3 

13. 

51804 

Mean 

2. 

41 

2. 

30 

12. 

97 

48.74 

2. 

95 

2. 

.98 

13. 

59 

48. 

35 

p  /  n 

SD 

0. 

09 

0. 

48 

1. 

13 

3.39 

0. 

17 

0. 

79 

0. 

81 

1. 

22 

CV 

4 

21 

9 

7 

6 

27 

6 

3 

14. 

51802 

Mean 

0. 

04 

0. 

06 

9. 

37 

41  .  24 

0. 

08 

0. 

,07 

10. 

.86 

38, 

,  54 

p/n 

SD 

0. 

12 

0. 

02 

0. 

63 

3.  59 

0. 

,03 

0, 

.02 

0. 

.  51 

0, 

.32 

CV 

30 

30 

7 

9 

41 

26 

ct 

:  1 

15. 

51808 

Mean 

4. 

73 

4. 

56 

15. 

61 

43.  33 

6. 

.  18 

6. 

.  44 

14. 

.92 

44 

.78 

p/n 

SD 

2. 

27 

1. 

30 

0. 

74 

2.96 

0, 

,  45 

0. 

.48 

1 

.34 

2 

.21 

CV 

48 

28 

5 

7 

7 

7 

9 

5 

16. 

51807 

Mean 

0. 

87 

0. 

97 

4. 

44 

38.  80 

1. 

.  11 

1 

.01 

4 

.  49 

35 

.  66 

p/n 

SD 

0. 

10 

0. 

.  15 

0, 

.36 

3.09 

0. 

.  14 

0. 

.  21 

0 

.  16 

1 

.  75 

CV 

12 

16 

8 

8 

13 

20 

4 

5 

17. 

51806 

Mean 

0. 

14 

0, 

,  15 

7. 

.  93 

8.  50 

0 

.  19 

0 

.  13 

5 

.91 

39 

.46 

m  /  p  /  n 

SD 

0. 

05 

0 

.08 

2. 

.96 

10.00 

0 

.  11 

0 

.  01 

0 

.  19 

3 

.  48 

CV 

40 

52 

37 

118 

57 

8 

3 

9 

18, 


51805  Mean    2.15   2.54   8.92  39.61   2.01   1.77   8.10  39.59   p/n 
SD      0.19   0.19   0.64   2.10   0.14   0.16   0.55   4.29 
CV  9      7      7 

******************** 

m   =  Indicates  that 


9775797     11 

;******************************************************* 

the  sample  was  growth  limited  by  trace  metals  (usually 

•>  n  t  Thi  c     fnnrlnsifir      i<5     mnrlB     uhpn      t  h  *»     Hi  f  fprpnnp      in 


indicates  that  the  sample  was  growth  limited  Dy  trace  metals  ( usua 
un-chelated  iron).  This  conclusion  is  made  when  the  difference  in 
yields  in  the  control  and  EDTA  sDiked  flasks  is  =  or  >  20%. 


Ill       LIIBIBLBU       liUIl)  .  1  lllb       UUIIUlUblUII        J.  S       JIIUUC       Wlltr 

yields  in  the  control  and  EDTA  spiked  flasks  is 

1  ~>n    ~    standard  deviation  /  mean  *  100 


CV  =  The  coefficient  of  variatior 
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biologically  available:-  trace  metal  nutrients  that  are  essential 
For  ui  owth  of  5.  capr  icoi  imtufn.   lo  pi  ove  that  trace  metals  wei  • 
not  immediately  available  to  meet  the-  nutrient  requirements  o-f  the 
alq,:<o  and  that  heavy  metals  toxicil  y  was  not  affecting  growth  in 
the  Site  1/  sample  additional  test  cultures  were  spiked'  with 
phosphor  us  or  nitrogen  plus  phosphorus  and  EDTA  or  traqe  elements 
'.It,1,  sinql  -  or  1  ri  comb i  nation  (Tabl  e  III). 

l"he  38.17  ma  dry  weight /liter  nctneyed  in  cultures  spiked  with 
N+P+TE  demonstr ates  that  trace  elements  were  the  growth  limit) no 
■  i'u-1  i  tuent.    1  he  tact  that  a  similar  yield  o-f   59.46  mg  dr  v 
weight/liter  was  achieved  with  the  addition  o-f  N+P+EDTA  indicates 
thai  the  net  essar  y  tr  ace  metal  nutrients  were  present  in  the  test 
water  collected  from  Site  17,  but  they  were  not  biologically 
available.   Dnce  the  trace  metal  nutrient  problem  was  resolved  the 
Site  ]  7  sample  was  limited  -from  -further  growth  by  phosphorus 
toll  owed  b  v  n i t r  ogen . 

With  the  exception  of  Site  17,  The  addition  of  nutrients  i  n 
combination  with  EDTA  did  not  produce  alqal  yields  statistically 
differ ent  from  those  produced  in  f lasts  with  similar  nutrient 
additions  without  EDTA.    These  data  indicate  that  heavy  metals  did 
not  affect  the  growth  of  algae  in  these  test  waters  either  as  a 
growth  limiting  nutrient  or  as  a  toxin. 


Although  all  of  the  samples  war  e  pr  i  mar  ily  phosphorus  and 
secondarily  nitroqon  limited  their  control  maximum  yields  r 
over  three  oi  dei  -  of  magnitude.   The  lowest  control  yield  < 
dry  weight/liter)  was  found  in  the  sample  collected  at  Site 
Superior,  Montana  followed  by  the  Site  10  sample  collected 
Mi  1  ]  town  bam  (0.10  mg  dry  weight/liter).   The  greatest  yiel 
mg  dr  /  weight;  Liter)  was  produced  in  the  sample  collected  a 
15  located  above  the  confluence  of  the  Flathead  River.    The 
histogram  (Figure  1)  illustrates  the  maximum  growth  potent i 
controls  cultures  below  Mi  1 1  town  Dam  downstream  to  below  No 
Dam.   There  is  an  obvious  increase  in  growth  potential  (wit 
exception  of  Site  14  at  Superior.'  from  Site  10  to  Site  15.  . 
Miller,  Maloney  and  Greene  (1974)  described  a  Sel  ena.str  urn 
capr  l  c p_rru.it  urn  produ c  t  i  v 1 1 y  sub g r o u p  classification  s y  s t  em. 
subgroups  shown  on  Figure  1  indicate  that:  Two  (22/1)  of  the 
sites  fall  within  the  low  productivity  subgroup;  One  (117.) 
within  the  moderate  productivity  subgroup;  and.  Six  (677.)     f 
within  the  moderatelv  high  productivity  subgroup. 


a 

nged 

0 

.  u4 

14     a 

b 

e  1  o  w 

d 

M  . 

t 

Si  t 

a 

1     in 

on 

h 

the 

These 


fall 

al  ] 


1  he  orthophosphate  concen t rati  on 
an  i  epoi  ted  on  I  abl  e  IV 
phosphorus  analysis  ^i--     these  If 
provide  i nto 
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analyzed  in  these  test  water 
v 
t"  r  at  l  on 


he  lack  of  necess< 


i  v  sen si t l v l ty  t 
)W  nutrient  concen' 


I  '         pliorus  analysis  ai-     these  low  nutrient  concentrations  did  not 
pi  ovide  infoi  mation  that  would  allow  definition,  with  any  degree 
or  certainty,  of  the  primary  or  secondary  limiting  nutrients. 
Furthermore,  it  one  studies  the  total  soluble  inorganic  nitrogen 
USIN)  levels  presented  in  I  able  V  one  would  conclude  that  a  large 
portion  of  the  nitrogen  controlled  growth  was  influenced  by 
organic  nitrogen.   for  example,  Site  11  above  the  Missoula 
wastewater  treatmenl  plant  produced  a  mean  control  yield  of  11. 
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TABLE  III.   Growth  responses  of  algae 
cultured  in  water  collected  below 
Thompson  Falls  Reservoir  and  spiked 
with  different  combinations  of 
nitrogen,  phosphorus,  EDTA  and  trace 
e 1 ements . 
******************************* ******** 

CHEM 
SITE    ID        OTHER 
No.    (63)     ADDITIONS     P    N  +  P 


17. 


51806 


None 

EDTA 
TE 
EDTA  +  TE 


7.83  8.50 

5.91  39.46 

7. 17  38. 17 

5.98  35.19 


P  =  0.05  mg/liter. 
N  =  1.00  mg/liter. 
EDTA=  1.00  mg/liter. 
TE   =  In  ug/liter:  32.46  B;  115.37  Mn; 

1.57  ZN;  0.35  Co;  2.88  Mo  and 

33.05  Fe. 
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TABLE  IV.   The  relationship  between  ortho 
phosphorus  defined  analytically  and  by  beck 
calculation  of  phosphorus  limited  algal 
growth  potential  test  yields. 
*  *  *  *  **************************************** 

EPA   CHEM    P-LIMITED  **BC    Analysed  OP 
SITE    ID       YIELD     Ortho  

No.   (63)  *  Mean    SD   Phos.   CERL    MT 

0.01  <.001  <.010       .010 

0.14  .002  <.010       .010 

0.23  .002  <.010       .010 

0.35  .006  <.010       .020 

0.03  <.001  <.010       .010 

0.71  .013  <.010       .010 

0.10  .002  <.010    <.010 

0.03  < .001  < .010    <.010 

0.03  .005  <.010    <.010 
******************************************** 

*   The  means  of  the  yields  in  the  Control, 
N,  EDTA  and  NE  spike  samples  (mg/liter). 
**   Back  calculation  is  the  mean  phosphorus 
limited  algal  yield  divided  by  430. 
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48800 

0. 
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51801 

0. 
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12. 
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0. 

86 

13. 

51804 

2. 
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14. 
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0. 
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51807 

0. 
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51806 

0. 

15 
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TABLE  V.   The  relationship  between  analyzed 
total  soluble  inorganic  nitrogen  and  total  bio- 
available  nitrogen  derived  by  back  calculation 
of    nitrogen  limited  algal  growth  potential  test 
y iel ds. 
*  **  ***********************  ********************** 

ANALYSED    ORG. 
EPA   CHEM    N-LIMITED  TSIN       N 

SITE    ID       YIELD     **BC   

No.   (63)   *Mean    SD     N     CERL    MT     MT 

10.  49800  9.83  0.10  0.269  0.07  0.13  0.188 

11.  51801  11.34  0.58  0.298  0.11  0.13  0.192 

12.  51803  12.78  0.12  0.336  0.18  0.14  0.251 

13.  51804  13.28  0.46  0.349  0.14  0.15  0.282 

14.  51802  10.12  1.05  0.266  0.09  0.09  0.181 

15.  51808  15.27  0.61  0.402  0.14  0.07  0.109 

16.  51807  4.47  0.04  0.118  0.01  0.03  0.201 

17.  51806  6.92  0.90  0.182  0.01  0.02  0.101 

18.  51805  8.51  0.58  0.224  0.02  0.03  0.203 
************************************  ************ 

*   The  means  of  the  yields  in  the  nitrogen  and 
nitrogen  +  EDTA  spiked  samples  (mg/liter). 
**   Back  calculation  is  the  mean  nitrogen 
limited  algal  yield  divided  by  38. 
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mg  dry  weight/liter.   The    yield  divided  by  38  (Shiroyama,  Miller 
and  Greene,  1973;  Greene  et  al  .  ,  1975)  indicated  that  0.310  mq 
total  nitrogen/liter  was  required  to  achieve  this  quantity  of 
alq.^l  biomass.   Ihe  lb  IN  analyzed  at  CERL  was  0.110  mg/liter. 
"litis  concentration  of  ISIN  is  only  36%  of  the  nitrogen  required  to 
produce  the  11.77  mg  dry  weight/liter.   CERL  did  not  analyze  tor 
organic  nitrogen  but,  the  State  of  Montana  did.   Their  0.192  mg 
organic  nitrogen/liter  added  to  the  0.110  rug  I9IN/Iiter  analyzed 
at  CERL  amount  to  0. 302  ma  total  nitrogen/liter  or  103%  of  the 
amount  required  to  produce  11.77  mq  dry  weight  S. 
capr  i^corni  it.i-'.'n  '  1  l  t  er  .    Ihis  type  of  biological  test  result 
demonstrates  why  one  must  exercise  caution  when  chemically  derived 
inorganic  N:P  ratios  are  used  for  predicting  algal  growth  limiting 
nut r  i ents . 
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RESULTS  01-  ALGAL  ASSAYS  PERFORMED  ON  WATERS 
COLLECTED  FROM  THE  LOWER  CLARK  FORK  RIVER  SYSTEM 
AT  STATIONS  BELOW  NILLTOWN  DAM  "10  BELOW  NOXON  DAM 

Report  II:   May  10-16,  1985  Sampling 


by 
Joseph  C.  Ureone,  Michael  Lonq,  Cathy  Lee  Bar  to] 
and  J  li  J  d  us  U.  Nwosu 

U.S.  Environmental  Protection  Aqencv 
Cor  val  I  is  Environmental  Research  Laboratory 
Haz  ardou  r-  Waste  and  Water  Branch 
Hazar  clous  Waste  Assessment  Team 
200  S.W.  35th  Street 
Corval lis,  Oreqon  9  7333 


INTRODUCTION 

A  i  ^i  qe  amount  of  pub]  ic  concern  has  been  e:-pi  ?ssed  over  the 
general  health  of  the  lower  Clark  Fork  River  svstem.    The  proposed 
modifi<  at  ion  of  Hie  existing  w.<s1  ■■water  discharge  permit  tor  the 
Champion  [nternatiunal  paper  mill  at  Frenchtown  has  generated  much 
ot  tin-  concei     Other  sources  o+  wastewater,  namely  the  City  o-r 
ri;  BsoLil  a    wastewater  treatment  plant  and  historic  metals  deposits 
Di  iqinating  upstream  from  Milltown  Dam,  have  also  been  mentioned 
as  possible  sources  o-f  stress  on  the  river  (Montana,  1984). 

The  Sel enastr urn  caor i cor nut urn  algal  assays  performed  during  this 
study  were  undertaken  to  fulfill  a  request  +or     technical 
=<ssi  s+  rincc'  ii  om  the  Montana  Water  Duality  Bureau,  through  the  US 
EPA  Region  VIII  staff  in  Denver,  CO.    The  Montana  Department  of 
Health  and  Environmental  Services  has  a.  tower  Clark  Fork  River 
Monitoring  Plan.   Data  gathered  from  these  assays  will  be  used  in 
conjunction  with  other  date-  collected  under  this  monitoring  plan 
to  define  e:  isting  conditions  in  the  Lower  Clark  Fori  River 
bvsI  em. 


METHODS 


r  [■■     Foi  \ 
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TABLE    I. 

**************  ******************************* 

*****          CLARK       FORK       RIVER          ***** 
**** **** 

***       SITE       IDENTIFICATION    *** 
**=========================================** 

MT       EPA 

4  10  Below  Mi  11  town  Dam 

6  11  Above  Missoula  WWTP 

11  12  At  Harper  Bridge  (above  Champion) 

15  13  At  Huson  (below  Champion) 

20  14  At  Superior 

22  15  Above  Flathead  River  confluence 

25  16  Above  Thompson  Falls  Reservoir 

27  17  Below  Thompson  Falls  Reservoir 

29  18  Below  Noxon  Dam 
********************************************* 
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b  i  i  -   uni  il  a  7-day  composites  of  7825  mis  was  achieved.   Cooiinq 
04     the    npl <   dm  Lng   fcorage  was  provided  by  pumping  river  water 

sly  into  a  1000  gallon  tank.   Bottles  were  floated  in 

tank  which  maint  lined  the  temperature  at  12.5  to  13.5  °L. 
Ihe  tanl  was  covered  to  keep  the  samples  in  the  dark  to  inhibit 

nthi  i  .  I'M  May  16,  the  last  day  of  sampling,  at  3:30  pm 
the  samples  were  deli  ered  to  the  US  Postal  Service  at  Missoula. 
til.  foi  deli  -<i  -  to  the  US  EPA  Cot  valli's  Environmental  Research 

matory,  OR.  (CERL)  for-  testinq  by  the  Sel  en  as  tr  urn 
capricornutum  Alga]  Assa\  Bottle  rest  (Miller,  Greene  and 
ihiroyama,  197S)  .   I"he  samples  arrived  at  Corvallis,  8  days  later 

on  the;  i  ni  nq  of  Lhe  24th.   They  were  stored  in  the  dark  at  4  °C 

Processing,  by  autoc laving  followed  by  filtration  (AF> ,  occurred 
Dn  Mas  28,  29  and  30.    lhe  samples  were  autoclaved  in  their 
polypropylene  shippinq  bottles.   Prior  to  filtration  they  were 

cooled  ti m  temperature  and  re-equilibrated  to  their  original 

pH. 

The  assays,  performed  with  three  replicate  flasks  tor  each 
nutrient  or  chelator  addition,  were  inoculated  with  a  final 
concentration  of  1000  cells  S^  capri  cornutum/ml  and  cultured  tor 
14  days.   Yields  were  reported  as  milligrams  dry  weight /Li ter . 

All  applicable  Qft/QC  procedures  outlined  in  Che  HUmI  quality 
assurance  plan  (US  EPA.  1984)  were  strictly  adhered  to. 

Elemental  chemical  ana] /sis  was  performed  on  an  inductively 
coupled  plasms  atomic  emission  spectrometr i c  instrument  (ICPAES) 
according  to  the  USEPA  11983)  method  for  trace  element  analysis  a 
w a ter  an  d  w as t  es . 


RESULTS  AND  DISCUSSION 

The  preferred  method  of  test  water  pretreatment  for  algal  growth 
Titia]  testinq  if  autoclaving  followed  by  filtration.    The  AF 
pre!  r  eatment  I  yses  f  i  1  ter  able  organisms  and  returns  much  of  i  he 
nutrients  contained  within  them  bad-  into  solution.   A  water 

Le  which  has  been  pretreated  only  b  y  filtration  can  ser  ious.l  « 
under  estimate  the  productivity  potential  of  a  test  wafer,  if  a 
I  t-r  ge  amount  of  phytoplanl  ton  is  present  ,  because  nutrients  foi 
growth  potential  are     Left  on  the  filter.    I~his  report,  discusses 
i  he  t  esu]  I  =  o<  algal  a.ssav  performed  on  waters  pr  etreated  by 

c  1  a  vi  nq  Foil  owed  b  y  t  j  1  t  r  ■->'<  ion. 

I  i"      I  !  -da.v    ni'    --ii    in-'     i  mum    qi  owth    potential     results    tor     each    sel     of 
test     flasks    with     their      associated    standard    deviation    and 
coef  f  i  i    i  .  ■  1 1     of     /ariati  oi .    at  e    sh(  iwi  i    in     I  able     II  ..        Onl  y    Si  te    #10 
b   ■■    iw    I'll  i  1  town    Dani    wa=     qr  owl  h     I  imi  ted    primarily    bv    phosphorus    and 
secondar  i  1  y     I  •       nitroqen.         I"he    f  ol  1  owi  ng    si  v,    downstream    s tat  i  on s 
(Si  fces    411  1     to    #16)     wer    •    reversed    in    their    nutrient    limitation. 
The-    were     Limited     from    further     growth    primal    i.  1  y    by    nitrogen    and 
secondar  ily    by     phosphor  us.        fields    in    Si  tc    #17    and    #18    samples 
weri      i  i  'i  •    cl  ose    to    di  si  i  i  iqui  sh    wl  ii  ch    nutrient     was    pr  i  mai   i  1  , 
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"ABLE  II. 

Algal  ?ro*t"  potential  res.its  iroi  14-day  tests  perforaed  or;  aatoclaved  an:  filt- 
ered !AF)  Kater5  collected  fro.i  tba  lower  Clark  Fork  River  durinc  Kav  I5B5. 

ckei<.  i,«2    0.0s  1.02 

SITE        IE  rg/]       ig/1  eg/I  Lifit, 

Ns.      (67!     stats.  Centre!        N  F       N+P       EDTfl      N*E       F^E      N+C*E    Natr, 


10. 


lleai     U7   i . le   2.9i  34. 62   &.S5   2.92   2.31  3?. 62  p/n 
ED      0.43   0.12   0.37   1.59   0.12   0.0;   0.18   4.27 
CV  ill  41    10    29    5    14    6    7    11 


11.   2034! 


J.i"7   9.75   7-.E2  37.9;   4.31  10. "4   4.33  '5.17  p/j 
0.17   1.33   0.1:   2.71   0.-9   1.95   0.15   1.70 
5    16    5    7    11    18    4    4 


20E44 

SD 

( - 

2054- 

*ean 
SD 
CV   i'D 

14. 

20330 

••eai 
SE 
Cv  f'i! 

13. 

20533 

fcaan 

53 
CV  !1J 

3.05  5. "3  1.33  29.69  2.95  4.75  2.47  33.33    n/c 

0.32  1.73  0.12  5.17  0.31  0.32  0.30  4.17 

17  23  6  17  17  11  12  12 

4.^5  17.55  4.73  39. 34  5.23  21.46  5.27  45.94    n/P 

0.33  1.95  0.15  1.66  0.45  0.7E  0.27  3.04 

1!  il  3  4  9  4  5  7 

4.77  14.60  5,97  3B.06  5.92  19.01  6.11  45.96    n/p 

0.52  4.25  0.13  4,29  0.35  1.09  0.30  2.13 

17  2-  2  11  t  6  5  5 


,97      5.62      3.33    30.43      3.54      6,05      4.0!    33.33 

.16      4,03      0.53      1.65      0.23      1.11      0.28      2.2! 

3         73  14  5  7  15  7  t 


15.       20556  Hei"           4.0S      7.15      4.47     40.4b  4.72  9.29  4.30  41.5?    p/t 

S3              0.13      3.50      0.42      2.9?  0.49  1.20  0.1!      3.15 

EV  IV.              4          53           9           7  11          13  3           3 

17.      2032c  Mea.i           2.05      3.46      2.92    32.12  3.1"  2.51  3.41  36.75    n+p 

22              0.6!      0.42      0.4;      3.07  0.26  0.50  0.05      3.69 

Cv  it.'           29         12         15         10  3         13  2         10 

IS.      203c2  yer           1.71      1.02      1.62    24.33  1.03  2.51  2.84  27.55  i/p+r 

SD              0,:5      0.39      ?,39      E,02  0.35  0.4?  0.3!      5. 35 

EV   IJ)            73          53          24         32  37          20  li          21 

'  -  Irdicates  that  re  sasde  *is  growth  Halted  by  tra:e  »eials,  This  ccnclusie:1 

is  "idr  wher  tps  v:e!d  h  E2T-  spiked  J!=S'i  is  -  or  ■  W,  at  the  grcwtii  ir 

3y-  Ths  standa'j  d?'«i;:.:-  divide:  b>  the  near:  ti^es  lv-:, 
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limiting  q  owth.   Ihe  two  si  »tion  =  have,  therefore,  been  classi 

Lmi  '  ed  f  r  oni  f  ur  I  hei  nr  owLh  1 1   both  nitrogen  md  phosphor  u 

tKcordino  to  the  produi  tJ  'ity  classification  of  Miller,  Mai  one 

'i   4)  all  t:.H  the  control  and  EDTA  spiked  flask  yields 

i  •  ,  regardlesi  i  ■ :  I  he  pr  i  m  ?r\     I  i  mi  1 1  nq  nu  tri  ent  ,  fell 

l  n  ' lei  it  el  >  high  pr  a<  lu<  t  i  i  ]  -  subgroup:  (0.  81  -6.  00  mg  di  «■ 

weight  L  i  tei  I  .    tt  can  be  c  lear]  /  seen  on  Figure  1  that  the? 
genera]  trend  i  i  •    >.n  i  ncrease  in  product  i  vi  t^  from  bel  ow  Mi  1  J  towri 

ite  1+10)  to  Superior  (Site  4414'  followed  by  decreasing 
produi  tivitv  at  Sites  #15  to  #18.  Ido  algal  growth  potential  below 
m  Oam  (Site  #18)  was  1217.  of  the  maximum  yield  achieved  in  the 
m   !  upstream  station  (Site  44- 1  ■ »  below  Mi  11  town  Dam)  tested  dur  inu 
this  study. 

Analysis  of  the  metals  pt  esent  in  these  autoclaved  and  filtered 
test  waters  are  shown  in  fable  III.   All  o+  the  potentially'  toxic 
heav\  metals  originating  from  the  upstream  Sliver  Bow  Creek  sites 
are  below  detection.    rhese  analytical  results  3.r(2    supported  by 
the  bioassay  test  results  in  thai  no  inhibition  of  aJ  qc-tl  growth 
was  demonstr ated. 

lit  s  of  chemical  anal  /sis  for  oi  tho  phosphorus  arid  total 
p  h  or  us  a  r  e  s  h  o  wn  ,  a  1  o  n  q  w  i  t  h  t  I  i  e  i  r  a  1  q  a  1  tiro  w  t  h  b  a  c  I  •■: 
calculated  phosphoi  us  concenti  ations,  in  fable  IV.   Algal  growth 
ba  i  i  *lcu]  3 ted  phosphorus  concentrations  were  obtained  by 
dividing  the  mean  ma  Lmum  phosphorus  I  i mi  ted  algal  yields  by  430. 
Those  calculations  establish  the  mq  phosphorus/Liter  required  to 
produi  (•■  Mu..'  yields  achieved  in  these  test  cultures.    I  he  theor  v 
b(  hind  this  approach  is  that  S.  capric or n ut urn  wi 1 ]  produce  .430  mg 
di  v-  weight  'Liter  for  each  .001  mg  phosphorus/Liter  that  is 
bioloaically  available  in  the  water  sample  (Shiroyama,  Miller  arid 
Greene,  L9 75 ■ . 

It  i^  genet  a]  I  .  accepted  ili^t  ortho  phosphorus  is  the  species  most 
■  eadi  i  .  available  for  alga]  nutrition.   If  this  is  true,  and  the 
biologn  a]  and  analytical  systems  are  operating  efficiently,  the 
alga]  growth  back  calculated  results  should  mirror  the  analysed 
oi  tho  phosphorus  results.   L'n  fact,  this  is  the  c<*se  for  samples 
collected  at  Sites  #12,  15,  1?  and.  perhaps,  Site  #18.   However, 
call  i  lation  of  algal  growth  results  from  Sites  #3  1,  14  and  16  moi  •• 
closely  reflect  the  samples  total  soluble  phosphorus  content.    l"he 
,r   1  sis  of  phosphorus  in  the  Site  #13  sample  is  anomalous  in  thai 

the  a unt  of  nutrients  required  to  achieve  the  alaal  yield  (0.046 

'"•'  F  '    Ltei  i  was  almost  double  the  concentration  reported  for  di  tho 

'  '  *]  phosphorus.   rhese  data  point  out  the  danger  of 
pi  i  d  i  i  ting  a  Igal  qi  owl  h  pot  en  1  i  s  I  from  the  r  esul  ts  of  chemi  ca  I 
analysis  foi  phosphorus  out  v.   Of  I  on  the  environmental 

ntratioii!  ot  phosphorus  ar  e  at  or  near  the  usual  lower 
isiti  v'ity  limits  (0.010  mq  P/Liter)  of  chemical  analysis  for 
'-hi   element.    I  In   fact,  coupled  with  the  knowledge  that 
phosphorus  limited  samples  containing  from  0.002  to  0.016  mq 
P  Litei   produce  enough  algal  growth  to  tall  within  the  moderately 
high  pi  oducti  it-  <  I  ossification  should  warn  one  to  exercise 
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Analytical  results  cl  estal  con:ertrations  f'o-r. c  in  *att.r5  collected  -'rc*  tha  lowsr 
CI  a  *■  t  Fcrl  River  sistet  During  *av  I9£3. 

Chen.                               iillisraas  i  liter  ♦ 

SITE      ID     - Gale. 

No.   It::?;      in       Cu       Cd       Hi        Ca       Hg      Cr         As       Ps       A]        rn  S    r!ardse« 

10      833      (.002  (.002  (.003  (.006  24.85    4.2*  (.004  (.015  (.025  (.025  (.00!  5.37  55 

!1      5-1      (.005  (.033  (.005  <. 006  22.03    6.30  (.004  (.015  (.025  (.025    .003  4.2E  3: 

12  8-4      (.002  (.002  (.005  (.006  16.57    2.30  (.004  (.015  (.025  (.025  (.001  3.5!  31 

13  Si7  (.003  (.003  (.005  (.004  54.54  4.60  (.004  (.015  <.025  (.035  .033  3. £2  55 

14  E5?  (.005  (.003  (.005  (.006  17.75  4.72  (.004  (.015  (.025  (.051  .003  3.41  64 

15  633  (.003  (.002  (.004  (.008  11.11  3.7!  (.004  (.015  (.025  (.025  (.001  3.3*  4: 
It  E!c  (.003  (.002  (.003  (.006  21.97  5.53  (.004  (.015  v. 025  .'.027  .003  2.22  7c 
17  559  (.003  (.002  (.004  .012  20.4!  3.94  <. 004  (.015  (.030  (.025  (.03!  2.43  c7 
IS  962   (.003  (.002  (.005  (.007  19.05  4.73  (.004  (.015  (.025  (.027  (.00!  2.4;  67 

*  hardness  Mas  calculated  usinc  Ztardarr  Method  3!4i  fAP.HA,  1955: . 


-75- 


TABLE  IV. 

The  relationship  between  analyzed  ortho 

phosphorus  and  results  derived  from  back 

calculation  of  phosphorus  limited  algal 

growth  potential  test  results. 

******************************************** 

EPA   CHEM    P-LIMITED  **BC    Analyzed  P 
SITE    ID       YIELD     Ortho  

No.   (63)  *  Mean    SD   Phos.  Ortho   Total 

006  .019 

012  .024 

013  .042 
022  .024 

020  .039 

021  .033 
011  .021 
008  .038 
005  .035 

******************************************** 

*   The  mean  of  yields  in  the  phosphorus 
limited  samples  (mg  dry  weight / 1  iter  )  . 
**   Back  calculation  is  the  mean  phosphorus 
limited  algal  yield  divided  by  430. 


10. 

20838 

1. 

01 

0. 

15 

0. 

002 

11. 

20841 

10. 

35 

0. 

84 

0. 

024 

12. 

20844 

5. 

26 

0. 

67 

0. 

012 

13. 

20847 

19. 

57 

2. 

67 

0. 

046 

14. 

20850 

16. 

81 

3. 

12 

0. 

.039 

15. 

20853 

5. 

84 

0. 

30 

0. 

014 

16. 

20856 

8. 

22 

1. 

51 

0. 

019 

17. 

20859 

3. 

.  14 

0. 

.46 

0. 

,007 

18. 

20862 

1, 

.57 

0. 

.71 

0 

.004 
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Cau  tion    wh    mm       .1,1-1     productivity    pi  e\  li  i  I  ions    on    phoi  p us 

anal  ysi  s    al  one. 

Results  of  chemical  analysis  -for  total  soluble  inorganic  nitrogen 
(TSIN  -  N0a  ►  NO3  *  NHk)  and  organic  nitrogen  are  shown  in  lable  '' 
^lonn  with  their  associated  alga  growth  calculated  bioavailable 

nitrogen  cc ?ritra1  Loris.   Algal  growth  back  calculated  nitrogen 

concentrations  were  obtained  by  dividing  the  mean  maximum  nitron en 
limited  algal  yields  by  the  coe-f f icient  38.   These  calculations 
resulted  in  an  estimate  of  the-  amount  o-f  bioavailable  nitrogen  in 
each  sample.   According  to  Shiroyama,  Miller  and  Greene  (19V5)  S. 
capri  (  irnutuni  wi  1  ]  produce  .038  mg  dry  weight/Liter  for  each  .001 
mg/Liter  nitrogen  that  is  biologically  available. 

Ii  ]  >  1  r.J  1  .  assumed  that   FSIN  is  biologically  available  tor 

utilization  by  algae.   However,  in  addition  to  TSIN,  certain 

pecies  of  organic  nitrogen  are  also  utilized  in  the  production  o-f 
algal  biomass.   All  o-f  the  nine  samples  in  this  study  have 
produced  some  biomass  -from  organic  nitrogen.   Organic  nitrogen 
produced  from  115!  (Site  #15)  to  81/.  (Site  #11)  at  the  algal  growth 
potential  in  these  studies.    It  can  be  (-lear.lv  seen  in  Table  V 
that  the  amount  o-f  nitrogen  required  to  produce  the  nitrogen 
limited  algal  yield  (back  calculated)  is,  in  every  case,  greater 
than  the  analyzed  TSIN.    If  the  inorganic  nitroaen  analysis  is 
correct,  which  we  assume  it  is,  th^fri  the  growth  above  that  level 
thai  could  be  produced  by  the  FSIN  must  come  from  organic 
i:i  t  r  open  . 
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TABLE  V. 

The  relationship  between  analyzed  total 
soluble  inorganic  nitrogen  and  total  bio- 
available  nitrogen  derived  from  back 
calculation  of  nitrogen  limited  algal 
growth  potential  test  results. 
*******t******t*****tt******************** 

EPA   CHEM    N-LIMITED           ANALYSED 
SITE    ID       YIELD     **BC   

No.   (63)   *Mean    SD     N     TSIN  ORG-N 

10.  20838  2.89  0.11  0.07G  <.010  0.162 

11.  20841  4.08  0.40  0.107  <.010  0.133 

12.  20844  2.68  0.56  0.068  .033  0.113 

13.  20847  5.05  0.25  0.133  .031  0.176 

14.  20850  5.69  0.62  0.150  .052  0.338 

15.  20853  3.33  0.93  0.088  .057  0.284 

16.  20856  4.39  0.27  0.116  .013  0.160 

17.  20859  2.90  0.58  0.076  .021  0.215 

18.  20862  2.23  0.86  0.059  <-010  0.273 
******* *^^*^*t****************** ********** 

*       The  means  of  the  yields  in  the 

nitrogen  and  nitrogen  plus  EDTA  spiked 
samples  ( mg  dry  weight / 1  iter ) . 
**   Back  calculation  is  the  mean  nitrogen 
limited  algal  yield  divided  by  38. 
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ISB,5 


UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

REGION  VIII 

ONE  DENVER  PLACE  —  999  18TH  STREET  —  SUITE  1300 

DENVER.  COLORADO  80202-2413 


AUG  0  6  1985 

Ref:  8WM-SP 
MEMORANDUM 


TO:      Steve  Pilcher,  WQB 

Montana  Department  of  Health 

and  Environmental  Services  (DHES) 

FROM:    Del  Nimmo,  8WM-SP  ^ 

U.S.  Environmental  Protection  Agency, 
Region  VIII 

SUBJECT:  Preliminary  Findings  of  Chronic  Bioassays  at  Champion  International 
Pulp  Mi  11 /Lower  Clark  Fork  River  Site. 

Attached  is  an  interim  report  of  the  findings  of  a  chronic  bioassay 
conducted  from  May  31,  1985  to  June  12,  1985  at  the  Champion  International 
site.  You  should  be  aware  that  final  tabulation  of  data  is  incomplete,  i.e. 
neither  standard  deviations  and  ranges  are  presented  nor  have  all  data  been 
analyzed  for  statistical  significance  using  more  than  one  method.  All  data, 
results  and  conclusions  must  be  considered  provisional  at  this  time  although 
inferences  drawn  from  the  data  on  test  organisms  can  be  used  for  purposes  of 
planning  additional  studies.  A  more  thorough  and  complete  report  will  be 
available  in  a  few  weeks. 
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Sumnary:  Report  on  the  Preliminary  Findings  of  Chronic  Bioassays  at  Champion 
International  Pulp  Mill /Lower  Clark  River  Fork  River  Site. 

INTRODUCTION 

Personnel    from  EPA's  Region  VIII,  National   Enforcement  Investigations 
Center   (Denver),   EPA's  Montana  Operations  Office   (Helena)   and  Montana's 
Department  of  Health  and  Environmental    Sciences   (Helena),  conducted 
chronic  bioassays  using  rainbow  trout  (button-up  stage)   and  Ceriodaphnia  at 
the  Champion  International /Clark  Fork  River  site.     Dates  for  the  study  were 
scheduled  from  May  4  through  June  3,   1985  but  because  of  delays,   actual    dates 
for  testing  were  May  13  to  June  12,   1935.     The  delay  was  due  primarily  to  the 
lack  of  a  sufficient  number  of  fish  at  the  proper  life-stage   (button-up)   at 
the  time  scheduled  for  beginning  the  study.     Approximately  10  days  were  spent 
waiting  for  the  fish  to  mature  to  the  appropriate  stage  of  active  feeding  as 
called  for  in   the  test  procedures   (Attachment  A).     During  this  time  of 
acclimation  and  maturing  of  the  fish,   a  chronic  test  was  conducted  with 
Ceriodaphnia  using  Champion's  wastewater  with  two  dilution  waters,  Clark  Fork 
River  water  and  well   water.      In  addition,   during  the  30-day  test  with  the 
trout,   a  7-day  Ceriodaphnia  chronic   test  was  conducted  using  daily  instream 
grab  samples  of  Clark  Fork  on  eight  stations  beginning  from  below  Mi  11  town  Dam 
and  continuing  downstream  to  below  Noxon  Dam.     This  study  provided  a  profile 
of  potential    toxicity  of  the  Clark  Fork  river  water. 


' 
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ALTERATIONS  OF  TEST  PROCEDURES  AND  CONDITIONS 

Several  alterations  were  made  in  the  test  procedure.  The  most  important 
change  was  the  use  of  a  different  range  of  test  dilutions  than  those  proposed 
in  the  test  procedures.  Instead  of  waste  dilutions  ranging  from  1/10  to 
1/1000  as  stated  in  the  test  procedures,  a  more  restrictive  series  was  used 
but  with  the  same  median  dilutions  as  originally  outlined.  The  reason  for 
this  change  was  the  physical  sizes  of  the  diluter-cell  volumes  (permanently 
constructed).  Therefore,  the  series  of  Champion  wastewater  to  river  water 
dilutions  were  4/200;  3/200;  2.24/200;  1.23/200;  0.72/200;  0.4/200,  and 
0/200.  Likewise,  the  other  dilution  series,  conducted  concurrently  with 
Champion  wastewater  to  Champion  unchlorinated  well  water  was  4/200;  3/200; 
2.24/200;  1.28/200;  0.72/200;  0.4/200,  and  0/200.  The  result  of  both  series 
was  a  median  dilution  of  1/200  between  1.28/200  and  0.72/200  diluter  setting. 
In  terms  of  percentages  of  wastewater  to  dilution  water,  the  series  was  2, 
l«5i  1-12»  0.fc>4,  0.36,  0.2,  and  0  (control)  percent.  Eighty  fish  were  used  in 
each  test  dilution. 

One  unfortunate  event  interrupted  an  otherwise  problem-free  study  at 
Champion.  On  day  12,  a  drain  system  evacuating  test  water  from  each  of  the 
test  aquaria,  became  clogged.  As  a  result,  volumes  of  test  dilutions 
delivered  to  aquaria,  were  not  drained.  The  aquaria  finally  filled  and 
overflowed  into  the  temperature  control  bath.  As  this  process  was  occurring, 
test  fish  escaped  into  the  bath,  and  finally  mixed  with  fish  in  other 
aquaria.  Consequently,  some  aquaria  (and  data)  could  not  be  used  in  the 
analyses,  and  others  had  reduced  numbers  of  fish  per  aquaria.  These  aquaria 
are  identified  in  the  following  tables. 


RESULTS  AND  DISCUSSIONS 


MORTALITY  OF  FISH 

Mortality  during  the  tests  was  extremely  low  in  both  river  water  and  well 
water  dilutions.  Using  a  base  of  30  fish  per  dilution,  the  percentage  of 
deaths  were  10%  or  less  in  the  dilutions  of  river  water;  8.752,  or  less  in  the 
well  water  dilutions.  No  fish  died  in  the  last  nine  days  in  the  well  water 
and  only  one  died  in  the  last  ten  days  in  the  river  water  dilutions. 
Approximately  half  of  the  fish  that  died  in  the  first  20  days  of  the  test  were 
recorded  as  "pinheads"  or  non-feeding  larvae. 

GROWTH  OF  FISH 

Means  of  condition  coefficients,  determined  by  dividing  the  wet  weight  by 
the  (length)3,  are  shown  in  Table  1.  Although  significant  differences 
occurred  between  several  groups  and  controls  (0.0)  there  was  no  clear  dose 
response  relationship  with  wastewater  dilution.  In  a  couple  of  dilutions,  due 
to  more  fish  in  the  aquaria  as  a  result  of  the  upset  and  co-mingling,  the  data 
were  tabulated  but  should  not  be  considered  in  the  analysis.  We  note  that  in 
most  cases,  the  fish  were  larger  in  the  groups  exposed  in  river  water 
dilutions  than  in  the  well  water  dilutions. 

CERIODAPHNIA  GROWTH  AND  REPRODUCTION  IN  WASTEWATER 

Tests  with  Ceriodaphnia  (chronic  seven-day  static  renewal)  using 
wastewater  and  dilutions  of  well  water  were  not  considered  acceptable  for 
analysis.  Mortality  of  control  daphnids,  as  well  as  all  other  dilutions  was 
greater  than  20%.  Control  mortality  was  60%  in  this  study,  indicating 
something  in  the  test  dilution  (well)  water  was  incompatible  to  the  survival 
of  daphnids. 

Tests  with  the  daphnids  and  wastewater  diluted  with  river  water  were 
completed  successfully  and  these  data  are  shown  in  Table  2.  Using  the  95% 
confidence  intervals  to  indicate  significant  differences,  the  number  of 
neonates  produced  per  female  was  lower  in  the  4%  (8/200)  dilution  than  in 
control.  We  also  noted  that  reproductive  success  of  the  4%  dilution-group  of 
daphnids  was  less  than  in  the  0.2,  0.36,  1.12,  1.5,  dilutions  as  well. 

CERIODAPHNIA  GROWTH  AND  REPRODUCTION,  ABOVE  AND  BELOW  CHAMPION'S  OUTFALL 

Using  ambient  water  from  river  stations  above  and  below  Champion's 
outfall  as  test  dilutions,  Ceriodaphnia  survived  and  reproduced  in  water  at 
all  locations  (Table  3).  Survival  exceeded  90%  in  all  cases  and  reproduction 
in  water  from  all  stations  exceeded  the  controls  in  the  previous  tests  (Table 
2).   In  these  tests  stations  10,  11,  and  12  were  considered  as  "controls" 
because  they  were  upstream  of  Champion's  outfall.  Stations  14  througn  18  are 
considered  as  "treatment  or  test"  stations  because  they  are  below  Champion. 
Interestingly,  there  were  no  statistical  differences  among  any  stations  with 
respect  to  survival  (all  greater  than  90%),  or  reproduction  (Table  3),  except 
that  station  13  (Huson  below  Champion),  reproduction  (measured  as  number  of 
young  per  female)  was  significantly  greater  than  all  others.  This  difference 
was  significant  even  though  3,  4,  or  5  brood  release  were  considered  in  the 
calculation.  For  example,  almost  40  neonates  per  female  \iere   produced  on  day 
7;  whereas  between  30  to  34  were  produced,  on  the  average,  at  the  other  eight 
stations. 


ANALYSES  OF  CHEMICAL  CONSTITUENTS 

Summaries  of  chemical  constituents  measured  during  the  testing  are   shown 
in  Attachments  3  and  C.  Inspection  of  these  data  indicate  characteristics  of 
test  dilutions  were  similar  among  dilutions  of  well  water  and  river  water. 
Total  ammonia  and  temperatures  were  virtually  identical.  The  pH  was  higher  in 
well  water  dilutions  along  with  conductivity,  calcium,  magnesium,  and 
alkalinity.  Concentrations  of  dissolved  sulfide  was  greater  in  dilutions  of 
river  water  than  well  water  as  were  concentrations  of  dissolved  organic  carbon 
and  total  organic  carbon.  Concentrations  of  dissolved  oxygen  throughout  the 
test  aquaria  were  essentially  identical  and  above  acceptable  limits  for  trout, 
although  we  noted  that  the  decision  to  deliver  compressed  air  to  test  aquaria' 
was  due  to  lowered  dissolved  oxygen  in  dilutions  of  well  water  vs.  the  river 
water. 

Analysis  of  100  percent  Champion  wastewater,  Champion's  well  water,  and 
the  Clark  Fork  River  above  Champion's  outfall  on  two  different  sampling  dates 
did  not  reveal  concentrations  of  toxic  materials  (priority  pollutants) 
(Attachments  D  and  E).  Of  note  were  concentrations  of  natural  acids,  ketones 
and  alcohols  in  Champion's  wastewater  with  most  of  these  substances  hiqher  in 
the  5/17/85  sample  that  the  5/31/85  sample. 

Analyses  of  metals  by  ICAP  on  two  sampling  dates  did  not  show  any  metals 
at  concentrations  believed  to  be  toxic.  Of  interest  was  the  concentration  of 
aluminum  in  Champion's  wastewater  of  4860  ug/1  in  the  5/17/85  sample  and  3440 
ug/1  in  the  5/31/85  sample.  Freeman  and  Everhart  [1971,  Trans.  Am.  Fish.  Soc 
100  (4):  544-658]  found  that  aluminum  salts  were  slightly  soluable  at  pH  of 
about  7.0  and  had  little  effect  in  rainbow  trout.  As  the  pH  was  raised, 
greater  amounts  of  aluminum  became  dissolved  and  therefore,  more  toxic. 
Likewise,  studies  of  acid  precipitation  suggest  that  at  lower  pH,  e.g.  5-5, 
aluminum  is  also  mobilized  and  more  toxic.   Important  to  consider  in  the  tests 
at  Champion  was  that  the  maximum  concentrations  of  aluminum  in  the  test 
aquaria  were  only  two  percent  of  those  concentrations  shown  in  the  analyses 
because  of  the  dilution  factors. 
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CONCLUSIONS  AND  SUGGESTIONS 


There  are  no  data  in  this  study  that  suggest  the  current  permit  limits 
nor  conditions  should  be  changed  for  ChamDion  International.  We  suggest  that 
perhaps  additional  studies  should  be  conducted  using  only  Clark  Fork  River  as 
dilution  water  and  thus  making  two  dilutions  available  and  allowing  a  greater 
number  of  test  fish  per  dilution.  Perhaps  an  eight-day-growth  study  with  post 
button-up  stage  rainbow  trout,  tested  in  two  identical  diluter  systems,  with 
at  least  160  fish  per  dilution  would  provide  sufficient  numbers  to  detect 
subtle  effects  on  growth.  In  addition,  at  least  two  Ceriodaphnia  tests  should 
be  conducted  in  concert  with  a  benthic  species  of  insect  or  crustacean  to 
address  potential  effects  of  the  wastewater  on  benthic  communities 
downstream.  A  sampling  station  closer  to  the  Champion's  outfall  (i.e.  1  mile) 
should  also  be  considered  instead  of  the  one  used  in  this  study,  and  that 
future  tests  include  a  test  of  the  "seepage  effluent"  entering  the  river  from 
the  lagoons. 


• 
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Table  1 


Means  (x)  and  95%  Confidence  Intervals  of  Condition  Coefficients  of  Rainbow 
Trout,  Tested  in  Various  Dilutions  of  Champion  International  Wastewater. 


RlVEft 

WATER 

Percentage 

Means   (x) 

95%  Confidence 

Number  of 

Wastewater 

Condition 

Interval 

Fish  Per 

Dilution 

Coefficient 

Dilution 

0.0 

173.7 

166.9-180.5 

56 

0.2 

182.7 

175. 8-188. 73 

85 

0.36 

164.4 

156.7-172.2 

66 

0.54 

160.0 

152.5-167.4 

58 

1.12 

159.0 

154. 4-163. 62 

76 

1.5 

148.3 

142. 6-154. I2 

48 

2.0 

173.2 

168.8-177.6 

33 

WELL 

WATER 

0.0 

164.0 

158.2-169.7 

49 

0.2 

146.9 

143. 7-150. 03 

111 

0.36 

172.2 

166.9-177.6 

70 

0.64 

175.9 

171. 9-179. 92 

74 

1.12 

175.0 

168.5-181.5 

33 

1.5 

159.3 

150. 3-168. 32 

39 

2.0 

167.6 

162.8-172.3 

49 

1  Condition  Coefficient  was  calculated  by  dividing  the  wet  weights  of 
each  fish  (alive)  at  the  end  of  the  study  by  the  (length)3,  multiplied 
times  10^.  This  procedure  provides  a  measure  of  the  "health  or  plumpness" 
of  the  fish  expressed  as  whole  numbers. 

2  Significantly  different  from  control  fish  based  on  05%   confidence 
1 imits. 

3  Excluded  from  analysis  due  to  co-mingling  of  fish. 
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Table  2 

Means  (x),  Standard  Deviations  (S.D.)  and  Confluence  Intervals  of  Ceriodaphnia 
Reproduction,  Tested  in  Various  Dilutions  of  Champion  International  Wastewater 
Diluted  with  River  Water 


Percentage 

Number 

Mean 

Standard 

95%  Confidence 

Wastewater 

of  Living 

Number  of 

Deviation 

Interval 

Dilution 

Daphnids 

Neonates  Prod. 

(S.D.) 

0.0 

8 

10.6 

4.93 

6.5-14.7 

0.2 

9 

9.9 

3.48 

7.2-12.6 

0.36 

9 

10.9 

6.64 

5.8-16.0 

0.64 

9 

6.6 

3.17 

4.2-  9.0 

1.12 

9 

12.2 

6.44 

7.2-17.2 

1.5 

10 

10.1 

4.86 

6.6-13.6 

2.0 

10 

9.9 

6.92 

4.9-14.9 

4.0 

9 

3.4l 

3.13 

1.0-  5.8 

1  Significantly  different  from  controls  (0.0)  at  P<0.05. 
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30.6 

26.2-35.0 

30.0 

28.4-31.6 

30.6 

27.8-33.4 

39.9 

35. 9-43. 91 

32.1 

30.3-33.9 

33.8 

28.9-38.7 

30.2 

27.5-32.9 

30.6 

28.1-33.1 

31.3 

28.7-33.9 

Table  3 

Average  'lumber  (x)  of  Neonates  Produced  Per  Female  Ceriodaphnia  in  Seven 
Consecutive  Daily  Samples  of  Clark  Fork  River  Water  Taken  From  Nine  Stations. 


Station  Description  Mean        95«  Confidence 

Interval 


-  Data  from  Total  of  Five  Broods  - 

10  CFR  Below  Mi  11  town  Dam 

11  CFR  Above  Mis  sol ua  WWTP 

12  CFR  Harper  Bridge 

13  CFR  At  Huson  (below  Champion) 

14  CFR  At  Superior 

15  CFR  Above  Flathead  confl . 
15  CFR  Thompson  Fall s 

17  CFR  Below  Thompson  Falls 

18  CFR  Below  Noxon  Dam 


-Data  from  Total  of  Four  Broods  - 

10  CFR  Below  Mi  11  town  Dam  29.6  26.3-32.9 

11  CFR  Above  Missoula  WWTP  30.0  28.4-31.6 

12  CFR  Harper  Bridge  29.3  27.3-31.3 

13  CFR  At  Huson  (3elow  Champion)    35.4  33.7-37. I1 

14  CFR  At  Superior  32.1  30.3-33.9 

15  CFR  Above  Flathead  Confl.  30.0  28.0-32.0 

16  CFR  Above  Thompson  Falls  29.1  27.5-30.7 

17  CFR  Below  Thompson  Falls  29.1  27.6-30.6 

18  CFR  Below  Noxon  Dam  31.3  28.7-33.9 


-Data  from  Total  of  Three  Broods  - 

10  CFR  Below  Mi  11  town  Dam  21.0  19.4-22.6 

11  CFR  Above  Missoula  WWTP  20.0  18.9-21.1 

12  CFR  Harper  Bridge  19.8  18.5-21.1 

13  CFR  At  Huson  (below  Champion)    23.4  22. 5-24. 31 

14  CFR  At  Superior  21.3  20.3-22.3 

15  CFR  Above  Flathead  confl .  19.9  18.9-20.9 

16  CFR  Above  Thompson  Falls  19.9  18.9-20.9 

17  CFR  Below  Thompson  Falls  19.4  17.9-20.9 

18  CFR  Below  Noxon  Dam  21.3  19.3-23!3 


1  Significantly  different  from  other  stations,  i.e.  greater  number  of 
neonates  produced  per  female. 
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ATTACHMENT  A 


Outline  for  Chronic  Fish  Bioassay: 
Champion  International  Paper  Mill,  Frenchtown,  Montana 


Introduction 

In  a  letter  dated  January  9,  1985,  the  Regional  Administrator  (Region 
VIII)  received  a  request  for  assistance  from  the  Department  of  Health  and 
Environmental  Sciences,  State  of  Montana  for  use  of  a  mobile  bioassay  facility 
to  conduct  a  long  term  test  using  eggs  of  rainbow  trout,  on  treated  wastewater 
from  Champion  International  paper  mill.  Assistance  was  requested  to  conduct 
long-term  chronic  bioassays  using  trout  eggs  through  post  hatch. 

For  some  time,  there  has  been  public  concern  about  water  quality  in  the 
lower  Clark  Fork  River,  in  particular  the  long-term  impacts  from  the  discharge 
of  treated  wastewater  from  Champion  International  at  Frenchtown.  The  question 
that  needs  resolution  is  whether  the  Champion  wastewater  has  discernable 
effects  on  the  early-life  stages  of  trout  inhabiting  the  Clark  Fork  River. 
Results  of  such  a  study  would  aid  in  the  review  of  a  modified  discharge  permit 
issued  by  the  State  of  Montana  in  April  1984. 

Background  of  the  Study 

The  Champion  International  Paper  Mill,  formerly  Hoerner-Waldorf ,  located 
at  Frenchtown,  Montana  began  operation  in  1957.  At  startup,  mill  production 
of  unbleached  kraft  pulp  totalled  250  tons/day  (TPD).  Since  1957,  mill 
expansions  have  occurred  in  1960,  1966,  1970,  and  1976;  with  the  current 
production,  a  maximum  of  2005  TPD  unbleached  kraft  pulp  and  liner  board.  At 
present,  Champion  wastewater  receives  the  equivalent  of  secondary  treatment 
(aeration)  followed  by  a  minimum  of  10  days  retention.  An  intricate  and 
convoluted  series  of  retention  ponds  is  shown  by  diagram  in  Figure  I.  Three 
non-chloro-phenol ic  biocides  are  used  to  treat  the  paper  machine  stock  systems 
and  the  minimum  amount  of  dilution  the  wastewater  would  receive  in  the  Clark 
Fork  River  is  200  parts  river  water  to  1  part  wastewater.  A  more  detailed 
explanation  follows  concerning  issues  in  the  Clark  Fork. 

According  to  the  publication,  Montana  Water  Quality  1984,  the  two  largest 
discnargers  to  the  lower  Clark  Fork  are  the  City  of  Missoula  and  Champion 
International.  Both  have  been  asked  to  expand  their  self-monitoring  proarams 
to  provide  data  needed  by  the  state  to  assess  water  quality  impacts.  A 
modified  permit,  issued  in  April  1984,  allows  Champion  to  increase  its  yearly 
load  of  suspended  solids  to  the  river  and  to  discharge  year-round,  but  only 
when  flows  in  the  river  exceed  1,900  cubic  feet  per  second  (cfs).  Nutrients, 
heavy  metals  and  suspended  solids,  especially  organic  solids  also  are  of 
concern.  Concern  has  been  expressed  about  Champion  and  the  City  of  Missoula 
as  point  sources  of  nitrogen  and  phosphorus  which  may  stimulate  undesirable 
algal  growth  in  downstream  reservoirs  and  in  Lake  Pend  Oreille,  Idaho.  Heavy 
metals  which  originate  upstream  in  the  Butte  mining  district,  may  be  mobilized 
by  lowered  dissolved  oxygen  and  lower  pH  of  bottom  waters  downstream  thereby 
maKing  them  more  toxic  to  fish  and  aquatic  life. 
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Request  for  Assistance 

Tne  request  from  the  State  of  Montana  involved  testing  the  long  term  0 

effects  of  wastewater  using  two  options: 

1.  a  30-day  test  from  fertilized  trout  eggs  to  hatch,  or 

2.  a  60-day  test  from  the  eyed-egg  stage  of  a  trout  through  30  days  of 
growth. 

According  to  the  letter  of  request,  the  first  option  has  the  advantage  of 
testing  at  what  is  believed  to  be  the  most  sensitive  stage  of  embyological 
development,  the  period  immediately  after  fertilization.  The  second  option 
allows  for  measurement  of  rate  of  growth  and  survival,  two  sensitive 
endpoints.  Because  the  American  Society  of  Testing  and  Materials  Procedure 
(ASTM)  recommends  the  eggs  should  be  incubated  at  12°C  and  at  extremely  low 
light  intensity,  the  development  of  eggs  using  either  option  is  extremely 
lengthy. 

Test  Procedure  and  Conditions 

The  Montana  Department  of  Health  and  Environmental  Sciences  has  requested 
that  tests  be  conducted  on  the  most  sensitive  stages  of  fish  inhabiting  the 
Clark  Fork  River.  Specifically,  tests  were  requested  using  the  egg  stage  of 
the  rainbow  trout  life  cycle.  Wastes  from  the  pulp  mill  lagoon  system  are  to 
be  mixed  with  dilution  water  from  the  Clark  Fork  River  and  pumped  through  a 
"flow-through"  dilution  system  to  test  chambers  containing  trout  eqqs. 

However,  information  received  from  Dr.  C.E.  Warren  at  Oregon  State  University  ^ 

(Personal  Communication  2-4-85)  indicates  that  the  most  sensitive  stage  of  a  ^ 

salmonid  exposed  to  stable  unbleached  kraft  pulp  mill  waste,  is  the  period 
from  button-up  stage  to  the  juvenile  stage  in  the  life  cycle. 

Therefore,  EPA  Region  VIII  personnel  propose  the  following  tests. 
Rainbow  trout,  just  after  the  button-up  stage  (on  feed),  will  be  exposed  to 
dilutions  of  mill  waste  for  approximately  30  days.  Waste  dilutions  will  range 
from  1:10  to  1:1000  with  median  dilution  present  at  1:200  dilution  of 
wastewater  to  dilution  water.  Major  endpoints  of  the  study  will  be  mortality 
and  growth  rates  of  the  larvae.  Larvae  will  be  fed  four  times/day  at  a 
relatively  high  rate  of  food  consumption  C>4%  diet  dry  weight/fish  weight/day) 
as  suggested  in  the  proposed  ASTM  methods  for  chronic  tests  with  salmonid 
fish.  Test  temperatures  will  be  held  at  12°C  _+  1.5°  throughout  the  test 
period.  The  test  species  will  be  rainbow  trout,  Sa lmo  qairdneri .  Larval  fish 
will  be  obtained  from  the  U.S.  Fish  and  Wildlife  hatcnery  located  at  Creston, 
Montana.  A  seven-day  Ceriodaohni  a  life  cycle  test  will  be  conducted  in 
parallel  with  the  rainbow  trout  study  using  samples  from  the  dilutions  used  in 
the  trout  study.   In  addition  a  7-day  Ceriodaphnia  life  cycle  test  will  be 
used  to  test  ambient  stream  conditions  in  the  Clak  Fork  River  at  eight  sites 
above  and  below  Cham  pion  International.  The  locations  selected  are  those  in 
which  algal  assays  are  being  conducted  by  EPA/Corval 1  is  as  part  of  the  Water 
Quality  Eureau's  Lower  Clark  Fork  River  Study. 
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Station  Number 
U 

12 


13 
14 
15 
16 
17 
18 


Location 
CFR  above  Missoula  WWTP 

CFR  at  Harper  Bridge 
(above  Champion) 

CFR  at  Huson  (below  Champion) 

CFR  at  Superior 

CFR  above  Flathead  River  confluence 

CFR  above  Thompson  Falls  Reservoir 

CFR  below  Thompson  Falls  Dam 

CFR  below  Noxon  Dam 
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Project  Description 

SUidy  Location  -  The  Champion  Paper  Mill  is  located  about  20  miles 
northwest  of  Missoula,  Montana  near  Frenchtown.  The  mill  and  waste  ponds  are 
located  on  the  left  side  of  the  river  (north  bank)  with  some  ponds  close 
enough  to  the  river  to  seep  wastes  into  the  river.  The  mobile  laboratory  will 
be  located  on  mill  property  at  a  power  source  located  upstream  of  ponds  1A  and 
2  (Figure  1).  Treated  wastewater  will  be  hauled  (daily)  to  the  mobile 
laboratory  and  tested  in  two  ways.  Using  one  diluter  system,  wastewater  will 
be  mixed  with  Clark  Fork  River  water  obtained  at  the  site  (upstream  of  the 
mill). 

In  a  second  separate  diluter  system,  wastewater  will  be  diluted  with 
unchlorinated  well  water  (used  for  processing  at  the  mill).  The  well  water 
will  be  pumped  daily  to  the  mobile  laboratory.  Using  two  sources  of  dilution 
water  should  aid  in  the  interpretation  of  results  from  the  trout  studies  and 
the  wastewater. 

Dates  of  Testing  -  The  test  is  scheduled  from  May  4th  through  June  3rd. 
Allowing  for  set-up  and  breakdown  time,  we  estimate  actual  on-site  time  would 
be  from  May  1st  through  June  6th. 

Reference  Methodologies  -  All  test  procedures  will  follow  the  EPA 
"Methods  of  Measuring  the  Acute  Toxicity  of  Effluents  to  Aquatic  organisms", 
2nd  edition  and  3rd  edition  (draft).  However,  because  this  is  a  chronic 
study,  guidance  for  the  the  test  will  be  ASTMs  "Proposed  New  Standard  Practice 
for  Conducting  Fish  Early  Life-Stage  Toxicity  Tests  (draft  No.  8).   In 
addition,  methods  listed  in  Birge  and  Blacks  "In  Situ  Acute/Chronic 
Toxicological  Monitoring  of  Industrial  Effluents  for  NPDES  Biomonitoring 
Program  Using  Fish  and  Amphibian  Embryo-Larval  Stages  as  Test  Orqanisms"  (EPA 
Report  No.  DWEP-82-001),  and  Short-Term  Embryo-Larval  Test  for  Effluent 
Biomonitoring  (Preliminary  Draft;  available  from  T.H.  Morgan  School  of 
Biological  Sciences,  University  of  Kentucky,  Lexington,  KT  40506.  Methods  for 
the  Ceriodaphnia  testing  will  be  those  of  Mount  and  Norberg  (1984),  with 
analysis  of  data  following  the  procedures  of  Hamilton,  M.A.  1984.   Statistical 
Analysis  of  the  Seven-day  Ceriodaphnia  reticulata  Reproducti vity  Toxicity 
Test.  Contract  Order  No.  J3905  NASX-1,  U.S.  EPA  Duluth,  MN. 

Sampling  Dates  and  Parameters  -  Sets  of  "grab"  samples  will  be  collected 
from  eacn  of  14  aquaria  according  to  the  schedule  in  Table  1. 


Table  1.  Sample  Parameters  and  Frequency  Champion  International  Paper 
Mill,  Frenchtown,  Montana 


Analysis 

Dissolved  Sulfide  "~ 
/  0.0. 
-'Temp. 

Hardness-' — ^ 
""Alkalinity 

-res-1 —  - 

Conductivity^ 

NH3-N  — J~~** 

Dissolvent  Organic   Carbon  - 

Total    Organic  Carbon    *<■ 

BOD 

Color 

Chlorides—"? 

I  CAP  Metals 

Organic  Priority  Pollutants 


Frequency 

Lab  Location 

Weekly 

State 

Daily 

Mobi le  Lab 

Continuous 

Mobile  Lab 

Twice  Weekly 

State 

Daily 

Mobile  Lab 

Daily 

Mobile  Lab 

Daily  *, 
^-W€ek4y-y 

/■>  Mobile  Bioassay 

Weekly 

State 

Week ly 

State 

Weekly 

State 

Week ly 

.Sta-te  Cs^~~r   -- 

Weekly 

SJUte   <4—y. 

Weekly 

State 

-  Weekly 

.   —State 

8  Samples 

Denver-EPA 

8  Samples 

Denver-EPA 

J 


'  -  Frequency  may  be  increased  due  to  unusual  hydrologic  conditions 


/c, 


l     rj  ■;    -,.  ' 


y 


*  •■■/■  ' 

s-/-  U  : 

\)i'zzo'\j^! 

,.  .L-  ■::•■■■ 

-  /./  on* 

-C*  -of    '  '  - 
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Sample  Collection,  Handling,  Preservation 

Ml  sample  collection,  handling  and  preservation  will  follow  the 
guidelines  established  in  "a  Guide  for  Field  Samples",  "Methods  for  Chemical  #t 

Analysis  of  Water  and  Wastes,  and  "Biological  Field  and  Laboratory  Methods  for 
Measuring  the  Quality  of  Surface  Waters  and  Effluents".  Information  regard  no 
sample  size,  container,  preservative  and  special  handling  for  parameters  under 

Consideration  1C  Ciimina^-i-raH  in  T,kl„  1  K  unuer 


consideration  is  summarized  in  Table  2. 
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Table  2 


• 


Sample  Requirements  for  Chemical  Samples  Sent  to  the  State  and  EPA  Laboratories 


Chemical 

NH3-N,  Total 

NO3-N 

N02-N 

TDS  or  Conductivity 
and  Hardness 

Priority  Pollutant 
Organics 

ICAP-Metals 


Sample  Size 
1  liter 

1  liter 
1  quart 
1  quart 


Container 
Cubitainer 

Cubi tainer 
Glass  Jar 
Cubitainer 


Preservative 
2ml  cone  H2SO4 

Chilled 
Chilled 
5ml  cone.  HNO3 


.7. 


-7"/- 


-C> 


v 
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Qua  1 ity  Assurance 

A 14  direct  reading  bioassay  laboratory  equipment  will  be  checked  for 
calibration  before  each  series  of  samples  are   collected.   In  addition,  each 
test  concentration  is  run  in  duplicate  and  a  control  (0%  waste)  is  run  at  the 
same  time.  Samples  of  various  waste  concentrations  from  select  aquaria  will 
be  split  with  the  State  lab  and  the  EPA  mobile  lab.  When  the  mobile 
laboratory  is  set-up  on  site,  each  diluter  will  be  checked  and  recalibrated  to 
deliver  the  required  amounts  of  effluent  or  dilution  water  to  each  aquarium. 
At  the  end  of  the  test  a  representative  number  of  fish  from  each  test  cone.' 
will  be  weighed,  measured  and  checked  for  abnormalities.  /}■/  f***t+     *^-c    oLi^/^^/t 

Personnel  Needs  '  ' 

Personnel  from  EPA  (Bruce  Binkley  [NEIC],  Jim  Lazorchak,  Denise  Link  and 
Del  Nimmo  [WMD])  will  conduct  the  trout  and  Ceriodaphnia  studies.  In 
addition,  Gary  Ingman  from  the  State  Department  of  Health  and  Environmental 
Sciences  will  assist  in  the  project  and  be  the  primary  contact  with  Champion 
International . 

Record  Keeping 

Sample  tags  shall  be  affixed  to  each  sample  container.  Tags  shall  be 
legible  and  filled  out  using  ball-point  or  other  permanent  marking  pen. 
Information  to  be  entered  on  each  tag  shall  include: 

1.  Sample  identification  number 

2.  Date  and  time  for  collection 

3.  Name  of  source,  type  of  sample 

4.  Appropriate  field  measurements  (pH,  temperature,  etc.) 

5.  Analyses  to  be  performed 

6.  Preservative(s)  used 

7.  Size  of  sample 

8.  Name  of  person  collecting  sample 

9.  Witness  to  the  collection,  if  appropriate 

Lab  request  sheets  will  accompany  all  samples.  A  bound  field  notebook 
will  be  maintained  by  the  survey  leader  to  provide  a  daily  record  of  events 
pertaining  to  the  study.  All  members  of  the  survey  party  will  provide  input 
to  the  survey  leaders  field  notebook.  Notes  entered  into  the  field  notebook 
should  be  kept  complete  and  permanent. 

Information  regarding  calibration  of  field  instrumentation  shall  be 
entered  into  the  field  notebook  or  logbook  specifically  provided  for  the 
purpose. 

Report 

A  report  of  the  findings  will  be  prepared  upon  completion  of  field  and 
laboratory  work.  Reports  may  be  prepared  as  appropriate  to  call  attention  to 
significant  findings.   Data  will  be  entered  into  STORET.   Del  Nimmo  will  be 
responsible  for  data  reduction,  analyses,  and  preparing  the  report.  An 
initial  draft  report  will  be  prepared  within  60  days  of  completion  of  all 
tests. 
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Any  question  regarding  this  plan  can  be  addressed  to  C.  Runas,  Del  Nimmo 
(293-15Z9)  or  L.  P3rrish  (236-5084) 

Cost  Estimate 

Per  diem  for  (for  6  weeks  2  staff  persons)         $  3,600 
Overtime  (40  hrs/person)  1,300 

Misc.  Supplies  300 

Air  Freight  150 

Rental  Car  500 

Gas  for  the  rental  car  200 

Total  $  6,150 

Equipment  Needs 

Table  3  summarizes  the  equipment  and  supplies  required  for  the  testing. 
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Table  3 
Equipment  List  -  Bioassay 


MoDile  Bioassay  Lab 

Another  Support  Vehicle 

Pumps 

Hose 

Extension  cords 

pH  meters  -  2  plus  standards 

Dissolved  Oxgen  meters  -  2 

Thermometers  -  2 

Tygon  Tubing  -  1/4",  3/8",  1/2",  5/8' 

Plastic  Buret  -  Dissolved  Oxygen 

Ring  Stand 

D.O.  powder  pi  1  lows 

Ammon  ia-me-ter 

Standapd-^mm^BjU--se4tHt4i&ns- 

Balance 

Weighing  boats 

H2S04 

Disposable  pipettes 

Ice  chests 

F4sh-food 

Cubitainers 

HNO3 

Specific  Conductance  Meter 
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laboratory  Name: 

Lao  Sample  ID  No 

Sample  Maim: 

Data  Release  Aut.horiie<1  By-: 


OKCAKrCl   AXA1YSO   DATA    SHEET 


Sample  Nirte 


r-/7-«5- 


cz  [/£«    ^fla^ 


/>s2u£ou£ 


s4.      <T  O/QrTf  £ 


QC  Report  No: 

Contract  No.: 

D»t«  Sample  Received: 

r-/a-ac 

P9  $ 

CIA) 


sturvoi_MU£  COMPOUNDS 
CONCENTRATION!    <<OW/ MEDIUM     HIGH    (circle  one) 
DATE  EXTRACTED/PREPAREDi     _         £~~~^-/~  & S~ 
DATE  ANALYZEDi 


4  -to  - 


c" 


PERCENT  MOUTUREj 


^CfrN^TDaUTJON  FACTORj 


IcxD 


CA5# 


2.*. 6-  tricrvloroohcnol 


CS2 

Or-T«A« 
(circle  one) 


(22A) 

39-50-7 

p-CTiloro-m— cre-V3l                                                 1 

(2«A) 

95-37-1 

2-  chloroohenol 

OIA) 

120- S3- 2 

2,&-dich!oraonenol 

(J»Al 

103-47.9 

2.»-djmeth>bhenol 

(37A1 

11-75-3 

2-  nirroo^enol 

(5!A) 

100-02-7 

a-nitroohenol 

(J9A) 

31-2J-3 

2 ,  *-d  i  nj  t  r  oo  r*rno  1 

(MA) 

33»-32-l 

• ,  b-d .  n  i  rr  o-  2  -  m  e  tH  v  to  heno  1 

(««A) 

17-86-3 

pentachloraohenol 

(63A) 

IGS-93-2 

phenol 

63-13-0 

benzoic  acid 

9Val_7 

2-i-rvethvtohenol 

ICS-39-* 

9-methvLphenol 

9V93-* 

2,«,3-triCTiloroohenol 

(IS) 

13-32-9 

acenaohtnene 

(5B) 

92-17-3 

benzidine? 

(SB) 

120-12-1 

1 ,2.»-trictiloro*>eniene 

(9BI 

lll-7»-| 

heTachlorobeniene 

(12B) 

67-72-1 

he  tach  lor  oe  thane 

(MB) 

Ill-tit-* 

bii(2-crtloroethyl)ctr)cr 

COB) 

91-51-7 

2  -cM  or  oruo  h  t  haJ  ene 

C3B) 

9V30-I 

1,2-dichlorobenzcne 

C6B) 

3«I-7VI 

1  ,  J-dichlorobe-nrene 

(279) 

IC6-a6-7 

1  ,  *-dich  lor  o  benzene 

(2SB) 

9I-96-I 

).3'-dichlorobenzidin» 

OJB) 

I2I-I4-2 

2.»-dinitrotoiuene 

<)6B) 

6C6-2C-2 

2.6— dmnrotoluene 

()7B) 

122-66-7 

1 ,  2-d:3'^envlhvcrrajine 

(J»B) 

ZOt-ait.0 

fli>Dr  anthene 

(■OB) 

7C05-72-) 

t.rNorapnrnyl  oSmvl   elner 

(MB) 

I3I-53-) 

a-bromcohenyl  phenyl  ether 

(1.29) 

)96)l-)2-9 

bn  (2-cMoroijooracyl)  etNer 

d.19) 

1 1  1-91-1 

bii  l?-cMo'ort^oi»l  methane 

/ 

(328) 


CA5# 

17-6S-3 


hexocr\J  or  obutadle 


(cute  onf. 


(33B) 

77-»7-a 

he  i  och  1  or  oc  yd  open  t  ■  a  i  ene 

1 

(3«B) 

71-59-1 

ivaonarone 

1 

(33B) 

9I-2C-) 

naohthaJene 

(368) 

9S-95-3 

nitTDOOUPH 

{(IB) 

62-73-9 

N  -  n  i  tr  crwx3  i  rr  e  th  y  1  am  i  -w 

1 

(62B) 

16-30-6 

N  -n  i  tr  oicxl  ip  nen  r  la  —  i  -« 

(63B) 

62l-6»-7 

N-nitraiorj  propyl  am  trie 

(66B) 

117-11-7 

bii  C-elMvlheirl)  pht^a^ate 

; 

(67B) 

XV6S-7 

beruyl  bvrtyl  phtjiajate 

i 

IU9I 

l»-7a-2 

di-n-outyl  phrTalate 

i 

(49B) 

117-Si-O 

di-n-ocry|  phrKaiite 

i 

(70B) 

13-66-2 

diethyl  phthaJate 

(7  IB) 

131-1 1-3 

dimethyl  phthajate 

(72B) 

36-55-3 

b  en  r  o^  a  Wn  Ihr  acrne 

(73B) 

30-32-1 

be-\2  oi  a  Id  yr  rrm 

(7»B) 

203-99-2 

bertj  o(  b  M 1  uor  an  r±ierie 

(73B) 

207-0S-9 

b  eru  o(V )  f  1  uor  an  t  h  e-^e 

(76B) 

21S-3I-9 

chry^me 

(778) 

20X-»6-» 

a  c  en  ao  h  th  y !  e-ie 

C71B) 

120-12-7 

anthracene 

(79B) 

191-2&-2 

b*n  i  oi  f,h  i  b  er  y  lene 

(1CB) 

16-73-7 

Mvjorene 

(SIB) 

1 3-01-1 

phenanrhrene 

<12B> 

33-70-3 

dibrnro/a  J^Withrarene 

(I3B) 

19J-39-3 

indeno<  1 . 2, 3-cd  terrene 

(1«8) 

I29-C3-0 

0  vrene 

42-33-3 

aniline 

1CO-31-6 

beniyl  aJconol 

IC6-47-1 

* -ch  1  or  oan  1 1  i  n* 

132-61.. 9 

dibe-niofuron 

91-57-6 

2-methylnoohthaJene 

lt-7b.il 

2-nitroanilir>« 

99:9.; 

)-nitroaniline 

100-01-4 

*-ni  tr  oanitine 

v 
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MsJ   ??7/ 


m  V»t««22J1J  7O3/W7.i4»0 


Organic!  Analytn  D«ti  She«t 
(Page  3) 


r-  n-ss 


Particide/PCBt 
Coocann-ition.     /'Low/ 
CXin  Extncted/Praparad 

Data  Anjiyjed  6  -Jo  ~    <%  ^ 

/Cor&fQil  Factor     _ 


Medium        (Circla  Ooa) 


X£><3 


CAS 


ug/Lor  ug/Kg 

iCirctaOnal 


319  84  6 

A  D«l    BHC 

</© 

319  85  7 

Beu-BMC 

319  85  a 

Deiti  8hc 

58  69  9 

Gimmi-BnC  [L<na»n»| 

76-44-8 

w«Ot»Olor 

309  00  2 

Alarm 

1 

1024-57-3 

McoTienier  Eoondc 

959  98  8 

Enaotullin  1 

60  5"   1 

Dtelflnn 

72   55  9 

4    4  .00; 

72   23  8 

E-CJnn 

332-3  85  9 

EndoiulUn  11 

72   54-8 

4  4  -DDO 

1 

7421   93  4      |  Er.artn  t..ce**at 

I 

'031  -07  8      |  E^aotuitj-  Sulfite 

50  29  3           | 4   4    00T 

72^3  5          |  Metnoiyenior 

53-94  70  5* 

Enonn  Ketone 

57.74.9 

CMardine 

«^ 

B001    25  2 

lourfr 

rOA* 

12574.1  1    2   1  Arodor  1016 

1 

11 104  28  2   1  I'odof  122- 

niii-16  5 

Aroc:or-  1  232 

1 

53469  2!   9 

A.otior-l  242 

12672  29  6   |  A.roctor-1248 

1  1097  69   1    |  Aiocioi   1  254 

1 

1  1  C-3 6   82   5   |  a.ocio'-i  260 

si 

V  •  Vofume,  of  «rtrict  injected  (ul) 

V  ■  Vofum*  01  waiar  twrricwa  |ml) 
W  «  Wngtn  of  t»rry>i«  anranad  igi 
V,  •  Voiuina  of  ton' «rrr»ct  lul) 


Form  I.      (continued) 
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Organics  Analysis  Data  Sheet 
(Page  4) 


1/  //  /a^i      W/-I 


r-/7-85- 


<  a 


Tentatively  Identified  Compounds 


CAS 

Number 

Compound  Nama 

Fraction 

''RT-or  Scan 

Number 

Estimated 
Concentration 
,|Ug7pt>r  ug/kg) 

1. 

i  f  1  -(  -2.-n£TUo*.  Y-i-  S7£T//yi£T//oX/]  -  /  - 

/9"/f/^ 

7'LV3 

900 

-2- 

r>£TyyL£rHoxy  1  -i  -/!/Ui/%J0L    £«.*/«.#<* 

I 

-3-2 

ZSO^d^L     Of      #± 

/4 .  lo 

It? 

+  ? 

/~?  £T  tJYLf^A  T/)^  £cSl^o  ',  c    A<c  /  A 

1 

16.  31 

zee 

■9",9- 

^rJ  A/?crr -  tl-  £s*  -7-  o^J £ 

1 

l^.  ?6 

Cf  O       r- 

7  !  .   - 

-Prf 

/   -  £i<loS£^£-     <:-,„   ZV^,-     /--7U  1^ 

?<?.  7  5 

//^ 

*L- 

2£o/'/si/eiA/<-   /ic'tk      /vlJ   5^x 

2/.  ?<o 

X/4 

*.7_ 

/*//")/}  A/C.     /)  <f.  /  4       A*  W  J?o  3- 

1 

3?/-  7  7 

,^V- 

o-£ 

r//v'/l/>/Z  ~r&  />//^^A,-c    ^>cl':L       ^" lJ  ^ol 

?i,n 

/<3  "O 

1A-? 

t-,£ilYb/;!.OA£/£~ri<L     Ac>  A      /^  u'  ?ao 

| 

?  2.  -  L7  7 

//   ^ 

ix-io 

,-r-  ^/^x?^/-.^IA/<'^7-^-£~i£-?  H-i\'icA& 

7i\  7^2- 

r?£ 

**./< 

i/s^X^o^^    /9<c  /'  4       /'jw^W 

1 

_?7.  75" 

s^ 

lA/i. 

/  -  TgrsZA <r.oss>^  oL    c,  u  Hco-  O 

?V.  75" 

/  7  / 

**/J 

cA.&osr ■- r - £-0  -y~oi   d>c, h 'c^gO  A7ui  «-«=£ 

7*"/.   7  3L 

"X^2 

iJt/V- 

ST/&S7A£T-£-£^  -2-&L   <-■}?  Hn>  O  /vw  'rH- 

V 

y-2 .  65 

0^7 

f 

17 

18. 

19 

?n 

71 

77 

23. 

74 

75 

26 

77 

73 

?q 

I  TO 

/J/iTU/ZAL    rfc/^     f<£-ro^££  /i^i    /)lcottt>l£  . 


-107- 
For m  1 ,  Pjrt  B 


4    8J 


/ScU  : 


J  ,-    '..i 


C'  f 


7>r  tr^ 


M^  93^ 


Laboratory  Name: 

Lab  Simple  ID  No: 

Sample  Motrin 

Dm  Release  Authorized  Bjr: 


f"    '•  C7RCANTCS   AMALYSC  DATA   SHEET 


^-~C   -     NM    «I  ^ 


r-  n-8? 


r'/L\)£AZ     ^o'^J 


s9(2u£oo'£ 


/±.    <-<J/Z-r'/<: 


QC  Report  No:     

Contract  No^       

Due  Sample  Received: 


-  >1-Rc 


Pr  f 

CIA) 


SEMrvOLATILE  COMPOUNDS 

CONCLNTRATIONk^Ow)  MEDIUM     HICH    (circle  one) 
DATE  EXTRACTEO/PREPARLDi               *T  —  >  ?-  ^  C 
DATE  ANALYZED:  ^  -    7  ~~  <f?  g~ 


PERCENT  M0t5njREi 


tj£ON$yP  [LUTON  FACTORj  _       / ??  O & 


CAS  #" 
44-36-2 


2,*, 6-  trictvioropSerwl 


OriagAl 

(ci/cle  one) 

<  2 


(22A) 

59-50-7 

p-criloro-m— cre-jol 

I 

(2»A) 

9V57-1 

2-  Chloroohe-nol 

(31  A) 

120-13-2 

2.&-dichloroonenol 

i 

(3*A) 

105-67-9 

2,6-djmethvbNenol 

(37A) 

14-73-3 

2-  nirroohenol 

(5!A) 

ICO-32-7 

4-nitroonenol 

(39  A) 

31-24-3 

2.*-KJ:rutroolvenol 

(60A) 

33»-52-l 

»,6— dinitTO-2-methrfc>h*nol 

(6»A) 

47-S6-3 

p  en  1 1  cxl  1  or  oo  He  no  1 

(63A) 

1C4-9V2 

phenol 

63-43-0 

benzoic  acid 

95-»4-7 

2-methv  phenol 

104-39-a 

a-merhvbhenol 

93-93-» 

2,«.  J- tricolor  oonenol 

(IB) 

43-32-9 

arenaohUvene 

(?B> 

97-17-3 

benzidine 

(IB) 

I20-I2-I 

1 , 2 ,  »-  tr  i  chl  or  oc-enz  me 

(96) 

1  ll-7%-| 

he  t  a  eti  1  or  o  ben  i  pne 

(12B) 

67-72-1 

he  xachlorne  thane 

USB) 

lll-4»-» 

bi»(2-cMoroethvlVtr.*r 

(2CB) 

91-34-7 

2  -en  I  or  onic  h  t  HaJ  ene 

(23B) 

95-30-1 

1 .2-dicMw  obeniene 

(26B) 

5«I-7VI 

1 ,  3-  d  i  c  M  o  r  ?  r-*~  r  ime 

(27B) 

IC6-»6-7 

I  .  »-dich!orcbenten« 

(2SB) 

9I-9K-I 

3.3'-dichlorobenzidir« 

(35B> 

I2I-I»-J 

2,»-dmiTrotoluene 

(368) 

606-20-2 

2.6-dmiiroiolume 

(37B) 

122-64-7 

1 ,2-diohenv  Ihvdrazir* 

<)9B) 

:o4-»4-o 

fluoranthrne 

(»0B) 

7303-77-3 

•  -Chlorochrnvl  pHmyl  eUVT 

(MB) 

I3I-55-) 

a-bromoohenyl  phenyl  ether 

H2B) 

3963.-57-9 

bi»  I2-cMoroi»opracTl)  ether 

U)B) 

II 1-91-1 

bi»  ( 2-chloroethoiy  1  mfthine 

\ 

' 

rvt 

(32B) 


CA5* 

17-64-3 


He  x  acM  or  060 1 1  d  I  en» 


(circle  on- 

<  2 


(33B) 

77-47-4 

he  1 1  ch  1  or  oc  tcJ  corn  1 «  d  i  en* 

1 

(3«B) 

74-39-i 

iwoNorone 

(33B) 

9I-20-) 

naohthilene 

! 

(34B) 

94-95-1 

nitrooeraene 

((IB) 

62-7V9 

N-nitrc^od  i  m  e  th>  1  u*n  me 

(62B) 

16-30-4 

N  -o  t  tr  mod  is  nen  t  U  m  i  ne 

1 

(63B) 

62l-4«-7 

N-niTTaio<3S!rco>  limine 

* 

(643) 

117-11-7 

bn  (2-elhYLheiyl)  phtrnjite 

1 

(67B) 

15-64-7 

berarl  bulrl  phch»J*te 

(64B) 

la-7a-2 

di-n-butyl  phttvilne 

(69B) 

117-14-0 

di-n-ocT»l  ph?tvxia!e 

(70B) 

8S-66-2 

diethyl  phihxJite 

V 

(7IB) 

131-11-3 

dimechyl  phthjjite 

2.o 

(72B) 

56-55-3 

b  en  i  o^  a  Un  ihr  ictw 

<  2 

(73B) 

50-32-X 

benz  of  1  to  yr  en« 

1 

C7«B) 

203-99-2 

benz  o^  b  H 1  uor  an  thene 

(73B) 

2C7-CS-9 

benz  oTV  M  luor  an  t  hene 

(76B) 

214-01-9 

chr>r»ene 

(77B) 

20S-96-1 

acenaohchylene 

(7IB) 

120-12-7 

anthracene 

1 

(79B) 

i9i-r»-2 

ben  i  o/ 1  h  i  to  er  y  1  ene 

(I0B) 

16-73-7 

(luorene 

1 

(IIB) 

IV3I-S 

pnenanrh/ene 

! 

(I2B) 

33-70-3 

dibenro^a>Withrarrne 

193-19-3        indeno<l,2,3-cdtorT<-ne 


129-00-0 


IOO-3I-6 

brnrvl  aJcrVvil 

IC6-»7-I 

• -chl  or  oan  1 1 1  ne 

132-44-9 

dibenzolLxan 

1 

91-57-4 

2-methylnaphCh-aJrne 

14-7.-4 

2-nitroamlin« 

1 

±l- 

99-C9-2 

l-niiraanilme 

w 

100-01-4 

»-nitroinihne 

I 

-108- 


P   0    kuM      *•""»«    v»v" 


4  z::i  j  70J/&S7J4M 


/^  9362. 


Organic*  Analytii  DiU  Sheet 
(Page  3) 

Particida/PCBi 
Concentration       /Low)      Medium         (Orel*  Or* ) 
Daia  Extricied/Pr»pir»d.  £~~  -^  2  ~  g  L 

Data  Analyzed.  £  ~   1~&> 

(Xor\£?Dil  Factor:   . 


lamp**  Numbti 


S/K 


f-n-8z 


/c?cc> 


ug/^eV  ug/Kg 
TCircki  On*  I 


319  BM 

Alpni  BmC 

<  2. 

319  e5  7 

Beti-BHC 

319  86  a       1  Dena  bhc 

58  89  9             G»"nm».BHC  ILmflanel 

76-44.8            Hcmienior 

3C9  OC  2          Alarm 

1024-57-3      1  ^eD'ac^'or  Eooi-oe 

959-98  8        |  Enoo.uHan  i 

50-57   1           |  Difiar.n 

72  55  9          [4  4  -COS 

72-23-8           Unarm 

33213  65   9   |  E-v:;»u,1jn  11 

72-54.8           [  t    4    COD 

7421   93-4      |  £---  n  Aia»n»fle 

1031-07  8      I  E"S2io'i«^  Sulfite 

50-29-3         |4  4  .cot 

72-43  5 

MfihoivC-ror 

53434   7;  5 

E"0'in  «.eio"e 

57-74.9 

Cnioroanc 

-i/ 

8001-35  2 

To»IOnfne 

AlS/Q 

1  25741  1  .2   I  A-oc'cr-1016 

11104-282   1  Aroclor   1  22' 

1114116  5   I  ft.roel3r.1232 

55-16  9   ;i    9   1  A'oelor-1  242 

12672   29  6   |  A'ocor-1248 

1  1C97  69-1 

A'OCIOr-  1  254 

'  1C*6   82   5 

A.roCIOf-1260 

V 

V(  •  Volume  of  «nricT  inr*ci»<J  lul) 

V$  ■  Volume  of  .111,  em-acted  (ml) 

W  •  Wnjni  of  MmoU  anracied  lol 

V(  •  Vorfume  o<  total  errraci  (ul| 


Fora  I.      (continued) 


-109- 


5/8- 


fc/r 


r  l^tfpfL^v^        L^^-tA ,  ORG  ANTCS    AN  ALT  SO   DATA   SWEET 

Laboratory  Name:   _  7ysJ      g Cw  No, 

LaJ  Sample  ID  No 

Sample   Vlatrn: 

Data  Release  Authorized  Bjr:  /4  .       <T  Q/l.~r/  C" 


/50  f?0 


A<P.UEo< 'S 


QC  ReixjrT  No:      

Contract  No.:        

Date  Sample  Receded: 


~. 


r-/  7-^r 


-T-/ 


StUrVOLATTLi  COMPOUNDS 

CONCENTRATION!   doj>  MEDIUM     HICH    (circle  one) 
DATE  EXTRACTED/PREPARED!             f '   1  7  ~  Q  jT 
DATE  ANALYZEDi  &_~    7~^C 


PERCENT  MOISTUREj 


fONC^DILUTlON  FACTORj  /c?c?  O 


PP  / 
(71A) 


(20B1 
(73B) 
I26B) 

(77B) 

i;sb> 

(33B) 
<)6B) 


CAS  « 

li-06-7 


2.».6-  tncWorooneTol 


(ci/cle  one) 

<  1 


CIA) 

39-30-7 

p  -chl  oro-  m-c  r  no  1 

(2»A) 

95-37-1 

2-  criloroohenol 

(31  M 

120-13-2 

7.»-dichlorooSenol 

(3*  A) 

103-67-9 

I.a-Cjmethv'oheno] 

<57A> 

JS-73-3 

2-  mrrooNenol 

(3!A) 

100-02-7 

»-nitrooNr-nol 

(39A) 

31-21-5 

2,»— dinjtroohenol 

(frOA) 

33»-32-I 

•  ,6— dinitro-2-methy  tohcnol 

(6»A) 

S7-S6-5 

pentachloroohenol 

I63A) 

101-95-2 

phenol 

63-83-0 

benzoic  acid 

93-»t-7 

2-Tve!h»'jhp->ol 

I0X-19-* 

a-methvbhenol 

95-9V* 

2,»,3-incMcxooh«3-«l 

(IB) 

13-32-9 

ac  e  nao  h  tJ">ene 

(5B) 

97-17-5 

benzidine 

(IB) 

I20-I2-I 

l,2,a-tric?i|oroo«-nzene 

(9B) 

llt-7a-| 

hriactilorobenzcne 

(I2B) 

67-77-1 

h  e  i  a  ch  1  or  oe  X  h  ane 

(l!B> 

II !-«»-» 

b  n(  2  -cfilwoc  rh  » 1 V  trier 

9I-5S-7         2-chlor  onjohthoJt 


1.2-dichlorobenzt 


I  ,»-dichtorcbmrr 


(376) 

122-66-7 

1 .  2-dtohenvlhvdTa_*u-w 

! 

(39B) 

206-»k-0 

lluwlilhrrf 

COB) 

7:03-77-3 

k-cMorophenvl  phenyl  rth«-r 

(MB) 

IOI-33-) 

a-bromoonrn*  1  pK«-nvl  ether 

1 

U29) 

59631-32-9 

bi»  (2-chlo'oiic^ircoTl)  e<her 

1 

I.  151 

1 1 I-9I-I 

bil    1  .-CMO'MI'OI  V  1    mPl^l^f 

I 

V 

(32B) 


CAS  $ 

17-6J-3 


he  »  actd  or  obut  i  d  1 1 


(cxrcie  ornr 

<  2 


(33B) 

77-47-a 

he  1 1  cM  or  oc  tcJ  ooen  1 a  a  i  erw 

(3»B) 

71-59-1 

lioohorone 

(33B) 

91-20-3 

naohthjjene 

(3*B) 

91-95-3 

nitrobenzene 

U:R) 

62-73-9 

N-nitro-sodimetnYlajrtme 

(62B) 

16-30-6 

N -o  i  tr  oiod  ic  r*en  t  U  rr  i -^ 

(63B) 

62l-6«-7 

N  -ni  trosoe  3  rcc  y  1 1  -n  ine 

(66B) 

117-11-7 

bu  (2-elhylhetYl)  phir-n^ate 

(67B) 

S3-6I-7 

benzyl  butyl  phrhallte 

(UB) 

14-74-2 

di-n-butyl  phtralne 

• 

(69B) 

117-lfc-O 

di-n—oc-rrl  phriMliTe 

(70B) 

Sa-66-2 

diethyl  phC-jJate 

(7IB) 

131-1  1  -  "J 

dimrr^iTl  phthalate 

(72B) 

36-35-3 

b  en  i  o^  *  Wn  thr  icrrie 

(73B) 

30-32-1 

ben2  oV  a  b  tt  r-ne 

(7«B) 

203-99-2 

bera  o4  b  M 1  uor  an  thene 

(73B) 

707.08-9 

b  enr  oA<  )f  1  uor  an  t  h  ene 

(76B) 

2ii-:i-9 

c^rvtenc 

(77B) 

201-=' 6-8 

a  cenao  h  tti  v  1  ene 

(7IB) 

120-12-7 

anthracene 

(79B) 

m-:»-2 

benio/^hibeTTlene 

(tOB) 

16-73-7 

lluorene 

(115) 

13-01-1 

p  h  en  an  rhj*  ene 

(I7B) 

33-70-3 

c;  ibe^.ro/a  >  Withrar  enc 

(I3B) 

193-39-5 

i  rvder>o<  1.7, 3-c  d  lo  »r  r»^< 

(l«B) 

I2J-00-0 

p.rerve 

67-53-3 

aniline 

ICO-31-6 

txnrrl  aJconol 

IC6-47-1 

k-chloroaniline 

I37-K-9 

dibeniotixan 

91-37-6 

2  -  m  r  t  h  r  ( r\ao  h  rtvaj  r-ne 

H-7K-4 

2-nitroanilin« 

99-09-2 

Vnitr&anilin* 

IC0-0I-6 

a-nitrooniline 

•n' 

■110- 


P    0    tulll 


«inij    7UJ/6S7  J4»0 


fi*>A  ??62 


Organic*  Analysis  Data  Sheet 
(Page  3) 

Psrcicide/PCBs 

Ctxxrtnrrnion        /iW      M*Jium         (Orel*  0r*| 

D-itt  Ejnrine<3/Pr»p«f»<l.  «- ^-^- 

Out  Arulyisd    _ 


sr-n-es 


6-i-ez 


(Ccys'Oil  F»ctor 


/  <3&0 


CAS 

NumtMf 

TCireta  On«l 

3'  9  gj  6        I  a  c-t   flxC 

<  "2 

3' 9  e5   7         1  SmBhC 

3:9   56   8 

:,  .,   g_,,: 

58  63  3 

Gi— '1-BhC  IL'n0»n«l 

"S  "  a          1  Htonenioi 

309  CC  :        1  Alarm 

1024-57-3     |  Meoiienior  Eoonat 

369  93  8         |  E"00$un"in  1 

6:  6"i          t  0  (.:•  n 

7:653           j  4   4    C  Z \ 

7:  20  8          I Enann 

33;i3   65    9    |  E-^Clo.ljn  11 

?:   64  8           1  4   4    COD 

74J'    93-4      |  Er.d'in  AldtMyOt 

1031-07  a      1  E"cotoii»^  Sui'aie 

53   :3  3           ]4    4    COT 

7:43    5               1   Mf-NoivTT-MOf 

63494   "3  5    |  E-cn  «.«!on« 

57-74  9           jChiordine 

■!■ 

8001    35  :        To.ionene 

1        A/  /A 

'  :574-i  •    :    1  *roc?'-'0l6 

1  '  '  3-4  :3  :   1  iioCor  1  221 

iiui    '6  5   1  t-ocror    1232 

63469   21    9   1  AfOclot-1242 

1  :e_:  29  6  i  Aroeior-i  248 

1  1C37  63  1    |  A-ocict   1154 

1  1096  B2   5   |  Aroeior- 1  :63 

1            ^ 

■  Voium*  o<  «iTT»n  ir\fcim<3  lull 

■  Vo<urr>«  of  wiitr  «nrici«3  (ml) 
«  W»*gM  o<  wnoK  •  nnc-t»a  (gl 

•  Voiumt  o<  IOUI  (111*0  (ul| 


Fora   I.      (continued) 


•111- 


5/84 


V      N 

>- 

CD 

- 

<  - 

r> 

I- 

-> 

Q 

LU 

> 

"* 

"  "0    - "~* 

,, 

5 

> 

i                J 

LU 

-^                  i. 

"S 

0£ 
< 

•-,      ;>r     v5 

V 

1, 

0 

Q 

C 

U 

V) 

\J 

"•■n 

< 

N-                 ,                   . 

N  \ 

\J 

V. 

\s*. 

[■VI 

Q 

*"** 

'.<!.    v«j 

-> 

*< 

— ' 

'' 

-:' 

..     -~T 

^ 

\ 

'- 

Ci 

Cc 

- 

r; 

LU 

< 

Q 

j_l 

^ 

v'"> 

■v 

\  r 

^ 

0. 

1 - 

Cc. 

\_> 

■^ 

sj 

~-'N 

l  ;  ■ 

J 

""v. 

-—  -\J_           j 

^    _ 

vl 

',! 

vj 

^" 

•si 

r  - 

ro 

^ 

"0 

~~~,_ 

■    '- 

V'\ 

f 

- ^.i'  '    s.  ^ 

V 

■=- 

1 

\r, 

..<j 

\a 

C; 

r>," 

! 

i 

<Vv 

v.  _, 

^T" 

V- 

\ 

V.' 

\  . 

.c 

— ^^ 

•  —    ■ -^ 

'O 

\ 

L 

V 

0 

■«< 

Vs 

^y 

<f) 

"i     ^ 

cr 

Nj 

N 

N 

N 

, 

(■<} 

"V 

vT 

~j 

> 

• 

s 

-4 

Co 

_^_ 

{C) 

\ . 

vY 

».o 

^0 

~^L7~ 

•    "   "" 

;^> 

\  I 

s 

!S 

'v1 

c 

~>. 

.;;i 

PO 

'.-C~ 

vTr 

- 

vl 

r: 

— 

~. 

QC 

J  f 

■> 

>      ■• 

>     . 

>■ 

CO 

1 

^ 

LU 

>• 

o 

■f    '" 

5 

< 

■» 

-' 

~ 

.t 

_~ 

< 

o_ 

C£ 

o 

. 

03 

< 

~ 

< 

z 

Q 

LU 
> 

LU 

2 

g 

a. 

V  ---'' 

i 

:- 

LU 

u 

LU 

ac 

LU 

LU 

Q 

s 

Z 

O 

u 

N   DESCR 
EMARKS 

\      N 

LU 

a 
o 
u 



tx 

o 

< 

Q- 

TATIO 
ND  R 

; 

<J~, 

5 

LO 

LO                           < 

109WAS  aoiOD 

0V1 

awn  aiOH 

XVVN 

p: 

1 

/AU 


<  u 


i    r,  i     ','.:■ 


r.i  ,7 


AIIACHMENT      E 


/XVO    ?J>& 


OJtGAJOCS   ANALYSTS   DATA   SHEXT 
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Laboratory  Nam*:        I ?*?/>*      &Z&&A      & 
Up  Sample  ID  No:  _<?/ L\t£A       /&>W 

Sample  M»trm /inu£oQC 

Data  Reieaie  Authorized  &r- 


/) .    <.v/2-r,s 


Caa«  Not 

QC  Report  No:      

Contract  No.:         

Dale  Sample  Received: 


-?/-fljT 


P?  I 
(2IA) 


StUrVOLATILZ  COMPOUNDS 

CONCENTRATION!  {C5y  MEDIUM     HIGH   (circle  one) 
DATE  EXTRACTED/PREPAREJDi                fc  ~  £  ~ 3 £ 
DATt  ANALYZED: 6    -  7  -  ,*9 £* 


CAS  I 
8S-:6-2 


2.*. 6-  trictUoroohenol 


PEP.CE.VT  MOISTURE:   _ 
^^COf^^aUTTON  FACTORi   _ 

<^ 
•nag/kg 
(circle  one)  P9>  # 

<:  2.  (32B) 


/o<?o 


39-30-7        p-ctvloro-m-cmol 


95-37-8        ?-  cMoroohcnol 


()l  M         120-aVj        2.a-dicMoropngnol 


i  C  5-67-9        2.a-dimethylanenol 


a-nitroofvmol 


5 1  -  2 X-  5        2.>-dirutroohmol 


33"-32-l        a16-dinitro-2-metnyfrhenol 
87-86-3        pentacnloroohenol 


1CS-93-2        phenol 


65-85-0        bmtoic  acid 


95-»8-7 


2-r 


ICX-39-*        a- me  rhytphmol 


2,>,3-lncMOraOf 


(IB) 

»3-  32-9 

iC  enjp  h  tJ%ene 

(SB) 

92-17-5 

benzidine 

(SB) 

1  20-12-1 

1 , 2 .  a-  tr  icM  Of  obeni  me 

(9E) 

1  lt-7*-l 

rteiachlorcbenzeoe 

(12B) 

67-71- 1 

hriacMoroe  thane 

(IBB) 

11  |.ii«.t 

bi»(2-cfcloroethyl)et*ie» 

9  I  -  5  i-  7        2-cMoTonaphtKaJt 


1,2-dichlorobenn 


(26B1 

3«!-73-l 

1 ,  3-dichlorobmrme 

("B) 

IC6-«6-7 

l,*-diChlorcbmime 

(JIB) 

91-94-t 

),3'-dichtorobeni1dinc 

(3JB) 

I21-l»-2 

2.»-dmitrotol  jer» 

(3931 

2C6-ait-0 

IlLXxanlhere 

HOB) 

7:-:3-77-) 

a.rhlorooh^"*  1  phenyl  et>ef 

(KIB) 

I3I-33-) 

a-bromoo^rnrl  pKrnvl  el^er 

UJS) 

396)1-32-9 

bi»  (2-cMoroLioprooyl)  ether 

«i)B) 

I  1  1-51-1 

bit  (7-chloroe'hoiy  1  mfihape 

I 

CA5# 

X7-68-3 


rveiacrdorobutadle 


<  1. 


or  ^ij 
(circle  one) 


(336) 

77-«7-a 

Ne  i  a  cnl  or  oc  rcJ  ooent  a  d  i  me 

1 

<3»B) 

71-39-1 

iiochorone 

(33B) 

91-20-3 

nachthjjene 

<36B> 

9S-95-3 

rMtrooeruene 

((IB) 

62-75-9 

N-ni  crowd:  me  thy  la.m;-ve 

(62B) 

86-30-4 

N  -n  i  tr  oiod  a  he  n  y  U  m  i  -<e 

(63B) 

62l-6a-7 

N-nitroKxS  .propylamine 

(66B) 

117-11-7 

bn  (2-eLhvL'-eiyl)  ph::-.ajate 

(67B) 

I5-6S-7 

berny!  outrl  phtJiaJate 

1 

(613) 

I«-7k-2 

di-n-outyl  phrhalate 

(69B) 

I17-XH-0 

di-n-ocryl  ph-halate 

(70B) 

ia-66-2 

diethyl  phthaJate 

! 

(7  IB) 

131-11-1 

dimethyl  phthijare 

(72B) 

56-35-3 

b  en  i  o<  a  Wi  thr  irr* 

(73B) 

30-32-1 

be* u  o(  a  )p  rr  en« 

1 

(7«B) 

203-99-2 

bera  o(  b  M 1  dot  in  thene 

1 

(73B) 

207-CJ-9 

bearofWKIuoranthene 

1 

(76B) 

218-01-9 

chry-j«rr»e 

1 

(77B) 

20S-96-S 

icenaohthylene 

(7IB) 

120-12-7 

»nthr»cer« 

(79B) 

l9l-2»-2 

b*njo<rhitrryle-« 

(KB) 

16-73-7 

f  l\xxer»e 

(IIB) 

X3-OI-8 

p  h  tr\  v\  rh/  ene 

1 

(KB) 

33-70-3 

dibenio/a-hWithracme 

(I3B) 

193-39-3 

i  nd  rrvj(  1 , 2 , 3-c  d  to  vr  me 

l 

(8»B) 

129-03-0 

ptrene                                                               

I 

62-33-3 

4r"l""w* 

1 

ICQ-  31-6 

beniyl  aJconol 

1 

1C6-H7-8 

•  -chloroiniline 

1 

1 32-6U-9 

dibmiolLran 

91-57-6 

2-me(hy|rw>htt\aJene 

1 

lt-7b.k 

2-nitroaoilin« 

99-09-2 

3-nitroAnili'^e 

IC0-0I-6 

*  -  m  t  r  o^/i  1 1 1 "« 

\y 

-113- 


P  0   toillt      AJ»um»* 


f*^  ?J?U 


Organic*  An«!y»ii  DlU  She-ot 
(Page  3) 


&=£z&£ 


Pitticide/PCBi 

Conctnrrilion         <^^^      M»dium         (Crrclt  0n« 
Dite  A^jiyi»<J    S    ~  Z  ~?3y 

CAS 


Kumtxr 


ICiit*  Or*l 


319  B4  6 

a  T-i  e-c 

<  2 

3'9Ei   7 

Ben  B~C 

319  66   8         1  D*'l»  8-C 

56   69  S 

C«~~t  BmC   l  nomei 

76  AJ-8 

"I  DUCIIOf 

30S  cc  ; 

A.Jr.n 

1024  57  3     1 

Mecuciior  Eaoi'Ot 

959  9B   8 

ElflOJuUjn  1 

1 

50  57   ' 

D'eiC'n 

1 

7:55   9           | 4    4    DDE 

72  20  e 

£-c  n 

33213  65  9 

Eiooui'i"  11 

72  54  8           J  4    4    DDD 

7421    93  4      i  £-;-,-  A.lde*rd« 

1031-07  B      |  EnooiuHjn  Sulfite 

5:  29  3           1  J   4    DDT 

7:435          |  Menoivciior 

1 

S3494   70  5    1  E-MJ'in  *eio«e 

| 

57  74  9           |  C-'c-as-^c 

<l> 

a:-:-  :s  :    |  T-..Br-r~* 

<*l//^ 

|     ' 

I'lO*  28  2    1  a-oco'   1221 

'1141    -e  5   1  &'oc:o>   1232 

1 

53459  21    9   1  A.rKio'.1242 

12572  29  6   |  A'oeio'   1248 

1 

1 1 C  9  7  6  9   ' 

A'OCIor     1254 

1  1 09  £   B  2   5 

A-ooo'   1  26D 

>1> 

i«mp*«  Number 


« 


r-3  /-  sr 


V  ■  Volum«  o'  «rtr»n  mf*ctt>d  lull 

V  «  VoIut>«  of  wilt'  tnr»ci«K!  |ml| 
W  «  Wngni  at  U'noK  «nrici»<3  Igl 

V  •  Vcrfurr*  o<  loul  •  rntn  (ul) 
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Lab  Sample  10  Noi 

Sample  Matria: 

Data  Relraae  Authorized  Byi 


&Ul£&  Sou 


/Af3o£oUS 


/*.      C  v^TT 


QC  Report  No:      

Contract  No.:       

Dit«  Sample  Received: 


£z2±zS£ 


PVi 


SturvOLATUZ  COMPOUNDS 

CONCENTRATIONt/toy  MEDIUM     HICH    (circle  one) 

DATE  EXTRACTED/PREPAREDi              n     ~ '5 "~  £?  £"" 
DATE  ANALYZEDi /  -/rt  -&    C 


PERCENT  MOtSTUREi  _ 
/CONCVDa-UTTON  FACTORj 

(circle  one) 


/ao& 


CIA) 

H-36-2 

2.».6-  trichJorcch«=-iol 

<:l 

(22AI 

39-50-7 

p  -cri  1  oro-  m-c  r  ciol 

C»A) 

9V37-1 

2-  cnloroonenol 

(JIA) 

120-13-2 

2.4-dichloraohenol 

(3*A) 

103-67-9 

2,4-djmethy'ohenol 

(37A) 

SJ-73-) 

2-  nitroohenol 

(3!A) 

100-02-7 

4-nttroohe-nol 

(J9A) 

5i-:s-3 

2,4-dinjtrocNmol 

(MA) 

3)4-52-1 

»,6-dinitTO-7-metn»bhenol 

(6»A) 

17-86-5 

p  rn  t  icti  lor  00  h*nol 

(65A) 

ICS-95-2 

phenol 

6V13-0 

benzoic  acid 

95-41-7 

2  -  Tve  t  h  v  Ip  h  r-x3 1 

:ct-)9-« 

4-methvtphe-nol 

9V95-4 

2,  * .  5-  tr  ictiloroohenol 

(IB) 

1V32-9 

acervaohtnene 

(JB) 

92-17-3 

benzidine 

(SB) 

I20-I2-I 

1 ,2.4-  tr  1  Cftl  or  otwn  zene 

(9B1 

1  IJ-7WI 

heiactilorobenzene 

(128) 

67-72-1 

he  HCtl  lor  oe  Thine 

<I!B) 

II  I-46-4 

bu(2-chIoroethyl)ether 

I20BJ 

91-51-7 

2  -cri  1  or  oruus  h  t  KaJ  ene 

(238) 

93-50-1 

1,2-dichlorobenzene 

(26B) 

5«  (-73-1 

1,3-dichforooenzeyie 

C'B) 

106-4  6-7 

1 ,4-<jicrilorobenrer>e 

<21B> 

91-94-1 

).3'-dichlorobenzidirie 

(33B) 

121-l*-2 

2,4-dimtrotoluene 

(368) 

606-20-2 

2. trinitrotoluene 

()7B) 

122-66-7 

1 ,2-<3'nr*en*  Ihv^ru  in* 

()9BI 

206-44-0 

tluoranthene 

(*0B) 

7:05-77-3 

4-cMorophen  y  I  pS^nrl  either 

(418) 

101-5 V  J 

4-bromoohrnvl  pS^nvl  ether 

(429) 

)96)l-)2-9 

bn  (2-cMoroivoorooTl)  eth*-r 

(OBI 

III-9I-I 

bn  (2-chloroetnoiyJ  "-ethane 

-£ 

(528) 


CAS# 

I7-61-) 


rveiachJorabutadiene 


(cirrje  one) 

<2 


(J3B) 

77-47-4 

he  1  *cri  1  or  octcJ  open !  •  d  1  ene 

1 

(346) 

71-39-1 

iwohorane 

())B) 

91-20-) 

naphthalene 

<5*B) 

98-9V) 

nitrobenzene 

((IB) 

62-73-9 

N-nitrovxJirretnYlan-une 

(62B) 

16-30-6 

N-niTJ-oiodohen»Lim>ne 

(638) 

621-64-7 

N-nitroaod^rooy  limine 

■4/ 

(MB) 

117-11-7 

bn  (2-etfiTlheiYl)  phthnjate 

36.  ! 

(67B) 

15-61-7 

benzyl  bvrtYl  phthalate 

<  1 

(MB) 

14-74-2 

di-n-outrl  phttuilate 

(69B) 

117-14-0 

di-n-ocryl  phrnxUte 

(708) 

14-66-2 

d.ethrl  phtJ-oJ»te 

(718) 

13I-II-) 

dimethyl  phthaJate 

(728) 

56-55-3 

b  en  z  o<  a  Ian  t-hj-  tm 

(73B) 

30-32-1 

b-eruo/atorTene 

(74B) 

2C5-99-2 

beni  o<  b  M 1 -jor  an  tivene 

(738) 

207-01-9 

berizcAUIuoranthene 

(76B) 

211-31-9 

Chf  rjene 

(778) 

2CJ-96-S 

acenaohthylene 

(71B) 

120-12-7 

anthracene 

(798) 

191-24-2 

benzo^fthitoerYlene 

(10B) 

16-73-7 

fluorene 

(118) 

13-01-1 

phenanrtvene 

(12B) 

3V70-) 

dibenzo'a.hVanthracene 

(1)8) 

193-39-3 

1  r«J  mo(  1 . 2 ,  J-c  d  te  rr  ene 

(I4B) 

129-C3-0 

ptrene 

62-33-) 

aniline 

100-31-6 

bentrl  aJconol 

IC6-47-1 

4-chloroaniline 

132-64-9 

dibenioli^an 

91-37-6 

2-methylrvachtnaJene 

11-74.4 

2-nitro*nilir>e 

99-09-2 

)-nitro-iniline 

IC0-0I-6 

4  -  n  1 1  r  oan  1 1 1  ne 

» 

<:^ 
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Organics  Analyiit  Dili  She«t 
(Page  3) 

P««ticide/PCBi 
Cooc*rrtTition:     <^Co^y      Medium        (Circlt  Oo«| 
Djit  Ejnnaed/Prtpjrtd:  &  ~  £  ~~  QJ 

0«t«  An»lyied    A   —  I O  ~8  > 

<££nj>b.l  Fictor:   

CAS  ^^j^Kug/Kg 


t»mp*.  Number 


W£££ 


S'-fi-es' 


319  84-6 

Aiom  bhc 

<i  2. 

319  85   7 

B«ll-BHC 

3?9  es  8 

Delti  8hC 

58  89  9 

Glrnmi-BMC  Hmdm*, 

76-44. 8 

M*BHC«IOf 

309  00  2 

Alarm 

1024-57-3 

M*oncnior  Eso«'0* 

959. 98  8 

EndoiulUn  1 

60-57-1 

Dielflnn 

1 

72  55  9 

4    4  -ODE 

1 

72-20-8 

Enann 

33213  65  9 

EndetuiUn  M 

72-54-8 

4  4  -ODD 

1 

7421    93-4 

Er.dnn  Aiaenyd* 

1031   07  8 

E"0oiuii»r'  SuiUit 

50-29-3 

4     4    -COT 

1 

72-435 

M[  iioirtiioi 

53494-70  5 

Enflnn  «.no"« 

57-74-9 

CMIO'fltne 

sl/ 

8001    25  2 

To«ic",f  IP 

!     /M* 

i  2674-1  i  -2 

Aroeloi  1016 

i       1 

1 1 1 04   2  3   2 

i        1 

11141.16  5 

|   Aroc.'S'-  1  232 

i 

53469  21    9 

1  AfoelQf-1  242 

12672   29  6 

AfOCIO'    1248 

i  1097  69-1 

Afrxlor- '.  254 

|l  1096  92  5 

A>oc'0'-1  260 

1 

•: 


V  ■  Voium«  o<  xr»ltr  ««TTin»d  Cnl) 
W  •  Wt^m  oi  ijmpt*  «nrici»<3  Igi 
V.     •  Vo<um«  0<  lOUl  •rti»ct  Ml 
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Laboratory  Name: 
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Sample  Mttrii: 

On*  Rele»>e  AuLSorurd  By-: 


OBCANTCS    ANALYSTS   DATA    SHEET 
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_f>.^/£^     ^U/ 
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QC  Report  So:      

Contract  No.;        

Date  Sample  Reteired: 


JT-?>-?- 


P9  I 
CIA) 


StUtVOLATUZ  COMPOUNDS 

CONCENTRATION!  (Co*) MEDIUM     HICH    (circle  ( 
DATE  EXTRACTED/PREPAREDi  a     -f>   ~  ^?5" 

DATE  ANALYIEDi 


LdSEiB.  I 


PE-RCENT  MOLSTTJREj 


CONCWTULUTTON  FACTOR.  l^O 


CAS# 
8S--6-? 


2.*.S-  trictxJorocnenol 


(22A) 

39-30-2 

p  -ctl  I  or  o-  m— c  r  c-io  1 

C»A) 

9V37-1 

2-  ch  1  or  oc  he-no  1 

DIM 

120- S3- 2 

2.*-dicMoraohe-nol 

(J*A) 

103-67-9 

2,4-dimeT*- ly  bnenol 

(37*,) 

8J-73-3 

2-  n i rr oo  he-no  1 

(3!A) 

100-02-7 

*-nitroo*v->3l 

(39A) 

3I-2S-5 

2.*— diruiroortenel 

(KAI 

33»-32-l 

*,6-dinitTO-2-mrthYblT«rxjl 

(6*A> 

I7-S6-5 

prnT*cMoroonenol 

(63A) 

101-93-2 

phenol 

63-S3-0 

benzoic  Kid 

9V»S-7 

2-methrLphenol 

ICS-39-* 

*-t  rhvbhenol 

9V93-* 

2 ,  <  .  3-  tri  efl  1  or  oo  neno 1 

(15) 

13-32-9 

acenapnuvene 

(JB) 

92-J7-3 

benzidine 

(!B> 

I20-I2-I 

l,2.*-tnc?iIoror^enzerNe: 

(98) 

llt-7*-| 

He  1  *  ch  1  or  0  benzene 

(IZB) 

67-72-1 

^ewctiloror"nne 

(1IB) 

II  I-**-* 

bii(2-cMoroeThyl)ether 

CCS) 

91-38-7 

2  -cji  1  or  onac  h  t  hjj  en* 

(2:s) 

93-30-1 

1 .  2-dicnlorob*nzen* 

(26B) 

3*1-73-1 

1 ,  Vdichlor-ihenren* 

(2"B) 

lCt-4  6-7 

1 . »  -d  1 C  hi  or  0  b<—  1  en* 

(2JB) 

9I-90-I 

3.3'-dlCh!orot>enzi3in* 

(33B) 

l7l-l»-2 

Z,*-dimtrolBluenc 

(36B1 

606-:o-2 

2.*— dmitrotoluen* 

(375) 

122-66-7 

1 , 2 -d  id  hen  v  Ihvdraj  m* 

(39B) 

206-«i^0 

f  !uor  amhene 

(•OBI 

7:03-77-1 

•  -rhloroohr-nyl  ph«-n»l   r 

Lher 

(*IBI 

101-33-1 

•  •bfOmcohfn»|  phenyl   e 

her 

crs) 

396)1-32-9 

bil  (2-cMoro,vocnOTl)  e 

the-r 

1.13) 

1  1  1-91 -1 

t>  1 »  '  2-chloro-T-oiTl  me 

hajie 

^ 

or  vaj/V* 
(circle  one)  PP  # 

<  2-  (32S) 


CAS# 

17-68- 


h*  1  achJ  or  orxi  t  *  d  I  en* 


(33B) 

77-«7-» 

rveiactilorocrcJcoentaejen* 

(3«B) 

71-39-1 

noonoron* 

(33B) 

91-20-3 

naohthjJen* 

(HB) 

98-93-3 

nitroo*n_iene 

(6IB) 

62-73-9 

N  -  n  1  tr  o^od  1  m  r  'Ji  v  1  am  t  ne 

(62B) 

16-30-6 

N-flitrModjftr/n»Umne 

(63B) 

62l-6*-7 

N-nttxoaoc'ic  ropy  la  mine 

(MB) 

H7-X1-7 

bil  (2-etfiyl'ieiyl)  phth-a-ate 

(67B) 

S5-6X-7 

bemyl  tXTtyl  phthaJate 

IUB) 

Si-"*-? 

dl-n-butyl  phrhalate 

(698) 

|  I7-JU-0 

di-n-octyl  phthaiate 

(708) 

Ja-66-2 

d. ethyl  ohthajate 

(7IB) 

131-1 1-3 

dimethyl  pMhaJate 

(72B) 

36-35-3 

b  en  z  0/  a  lain  thr  ar-ene 

(73B) 

30-32-1 

bn:  o(  a  )p  rr  en* 

(7«B) 

203-99-2 

ben_z  0/  b  rt  1  uor  an  thene 

(73B) 

207-CS-9 

beruon«)(luoraritbe^e 

(76B) 

218-01-9 

Chrrver* 

(778) 

208-:'<-S 

acrrnaohthTlene-. 

(7IB) 

120-12-7 

anthracer* 

(79B) 

I9I-24-2 

oenio^nhi  feer  t  lr-» 

(ICB) 

J6-73-7 

fl>jorene 

(118) 

83-01-8 

0  hen  a/i  rVene 

(I2B) 

33-70-3 

d-benro/a  >  Withracene 

(13B) 

193-39-3 

1  r»l  eno<  1 , 2 , 3-c  d  )o  rr  rr« 

(KB) 

129-::-: 

p  •  r  w^ 

62-33-1 

a/iihrie 

ICO-31-6 

beiiyl  *Jcorv)l 

IC6-47-8 

*-cM  or  oa/11  line 

l32-6k-9 

dibeniofLra/i 

91-37-t 

2-methy|r\aohihaJrne 

lt-71l.li 

2-nitra*nilir»« 

99-:9-2 

3-nitroaniline 

IC0-0I-6 

•  -nitraarwline                                                     \ 
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Background 

In  July  of  1983  Champion  International  Corporation  applied  to  the  Water 
Quality  Bureau  of  the  Montana  Department  of  Health  and  Environmental  Sciences  for      % 
a  modification  of  their  waste  water  discharge  permit  for  the  Clark  Fork  River.   If 
granted,  the  modified  discharge  permit  would  allow  Champion  to  release  pulp  mill 
effluents  into  the  Clark  Fork  River  on  a  year-round  basis.   Under  its  existing 
permit  the  mill  was  limited  to  discharging  pulp  mill  effluents  only  during  spring 
high  water.   The  permit  modification  was  requested  because  Champion  indicated  its 
rapid  infiltration  system,  a  collection  of  gravel  ponds  to  treat  effluents,  was 
becoming  clogged  to  the  extent  that  treated  effluents  would  have  to  be  released 
year-round . 

After  a  preliminarv  environmental  review,  the  Water  Qualitv  Bureau  issued  a 
temporary  permit  on  April  10,  1984,  which  allowed  Champion  to  release  treated  pulp 
mill  effluents  into  the  Clark  Fork  River  on  a  year-round  basis  for  two  years. 
This  led  to  an  intense  debate  over  existing  and  future  impacts  of  pulp  mill  effluents 
on  the  river.   Trout  Unlimited  and  other  environmental  groups  demanded  an  Environ- 
mental Impact   Statement  be  completed  before  issuance  of  a  permanent  modified 
permit  in  two  years.   This  was  followed  by  numerous  negotiations  between  Champion 
and  the  groups  in  an  attempt  to  work  out  an  agreement  that  would  be  acceptable  to 
all  sides  and  keep  the  issue  out  of  court. 

By  the  end  of  March  1984  a  final  agreement  was  reached  that  embodied  the 
following  points: 

1.  The  State  of  Montana  would  prepare  an  Environmental  Impact  Statement  at  a 
cost  of  $200,000  before  issuing  a  permanent  modified  discharge  permit. 

2.  The  Montana  Department  of  Health  and  Environmental  Sciences  would  monitor      % 
water  quality  from  Turah  to  the  Idaho  line  and  attempt  to  identify  all  major  sources 

of  pollution  and  evaluate  effects  of  pulp  mill  effluents  on  the  water  quality  of  the 
Clark  Fork  River.   In  conjunction  Idaho  agencies  would  test  for  impacts  on  the 
river  in  Idaho,  including  Lake  Pend  Oreille. 

3.  The  Montana  Department  of  Fish,  Wildlife  and  Parks  would  undertake  a  two- 
year  $100,000  study  financed  bv  Champion  to  evaluate  effects  of  pulp  mill  effluents 
on  the  Clark  Fork  River  fishery. 

4.  Champion  agreed  to  sponsor  an  alternative  methods  study  to  consider 
technologies  that  would  reduce  or  permanently  eliminate  discharges  of  pulp  mill 
effluents  into  the  river. 

5.  A  twelve  member  technical  advisory  committee  would  meet  on  a  regular  basis 
to  oversee  the  process.   The  committee  included  the  broad  based  representation  of 
Trout  Unlimited,  the  Idaho  Wildlife  Federation,  the  Montana  Environmental  Information 
Center,  the  Green  Monarch  Coalition,  Missoula/Mineral/Sanders  County  Commissioners 
Association,  the  Missoula  County  Health  Department,  the  Water  Quality  Bureau, 

Fish,  Wildlife  and  Parks,  and  Champion  International  Corporation. 

Although  the  agreement  did  not  represent  a  final  solution,  a  thorough  two- 
year  study  would  begin  to  provide  information  needed  to  evaluate  influences 
of  the  Champion  Mill  on  the  Clark  Fork  River. 
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Scope  of  the  Middle  Clark  Fork  Fishery  Study 

The  study  area  extends  for  about  120  miles  from  Mill  town  Dam  to  the  confluence 
of  the  Flathead  River.   To  evaluate  the  river's  ability  to  safely  assimilate 
additional  quantities  of  pulp  mill  wastes,  the  current  status  of  sport  fish 
populations  must  be  determined.   Although  fifteen  species  of  fish  are  known  to 
occur  in  the  middle  Clark  Fork  River,  the  bulk  of  the  sport  fishery  is  provided 
by  rainbow  trout  along  with  a  few  cutthroat,  brown  and  bull  trout.   The  study  is 
attempting  to  evaluate  effects  of  pulp  mill  effluents  on  trout  populations  by 
assessing  trout  population  characteristics  in  the  river  in  areas  upstream  and 
downstream  from  the  pulp  mill  effluent  and  by  monitoring  trout  reproductive  success 
in  areas  upstream  and  downstream  from  the  effluent. 

Trout  population  characteristics  are  being  assessed  by  making  population 
estimates.   Factors  which  are  being  estimated  include  the  number  and  biomass  of  trout 
per  mile,  species  composition,  condition  factors,  growth  rates,  age  structure  and 
mortality  rates.   Fish  are  being  collected  to  make  trout  population  estimates  using 
boom  suspended  electrof ishing  apparatus.   Much  of  the  field  work  for  this  phase 
of  the  study  is  being  accomplished  at  night  because  efficiency  of  the  electrof ishing 
system  is  significantly  better  at  night  than  during  day  time.   Trout  population 
characteristics  are  being  compared  in  study  areas  upstream  and  downstream  from 
the  pulp  mill  effluent  to  evaluate  influences  of  the  mill  on  the  sport  fishery. 

Trout  reproductive  success  is  being  monitored  through  a  bioassay  of  trout 
egg  and  fry  survival  in  the  intergravel  environment  in  study  sites  upstream  and 
downstream  from  the  pulp  mill  effluent.   Egg  and  fry  survival  are  being  monitored 
for  brown  trout,  a  fall  spawner.   Egg  and  fry  survival  are  being  evaluated  because 
the  egg  through  emergent  fry  stage  in  the  life  cycle  of  trout  may  be  relatively 
more  vulnerable  to  possible  influences  of  pulp  mill  pollutants  than  life  stages 
after  the  trout  fry  have  emerged  from  the  spawning  gravels. 

Trout  spawn  in  relatively  shallow  gravelly  areas  of  the  river  with  moderate 
current  velocity.  After  a  depression  is  dug  in  the  spawning  gravel  by  a  female, 
eggs  deposited  in  the  depression  by  the  female  are  fertilized  by  an  accompanying 
male  and  covered  over  with  four  to  eight  inches  of  spawning  gravel.  Water  quality 
factors  of  possible  concern  in  the  intergravel  environment  which  could  be  influenced 
by  pulp  mill  effluents  include  dissolved  oxygen,  pH,  ammonia  and  fine  sediments. 
Additional  water  quality  parameters  of  concern  may  be  identified  during  the  course 
of  investigation. 

Study  Design  Problems 

There  were  several  problems  in  designing  this  study  to  evaluate  effects  of  pulp 
mill  effluents  on  the  sport  fishery.   First,  the  study  was  intended  to  document  an 
impact  from  year  round  discharge  of  effluent  from  Champion's  mill  after  the  discharges 
had  already  begun.   Second,  there  was  very  little  baseline  information  on  the  condition 
of  fish  populations  in  areas  downstream  from  the  Champion  discharge  prior  to  the 
year-round  discharge  situation  which  now  occurs.   Third,  the  time  frame  for  the 
study  to  assess  impacts  of  the  pulp  mill  was  limited  to  two  summer  and  one  winter 
field  seasons.   This  time  frame  was  too  short  to  provide  an  adequate  assessment. 
Fourth,  there  are  many  other  water  quality  problems  in  addition  to  pulp  mill 
effluents  which  may  affect  the  Clark  Fork  River  fishery.   Additional  water  quality 
factors  which  may  be  influencing  the  fishery  include  Missoula  sewage  treatment  plant 
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effluents,  potentially  toxic  heavy  metals  originating  from  mine  tailings  in  the 

upper  Clark.  Fork,  drainage  and  fine  sediments  originating  from  various  human 

related  activities  which  could  impair  trout  food  production  or  trout  reproductive     4 

success. 

For  these  reasons,  the  scope  of  the  study  was  broadened  with  additional  funding 
and  assistance  being  provided  by  the  Department  of  Fish,  Wildlife  &  Parks.   A 
study  was  funded  by  the  department  to  determine  the  relative  importance  of  various 
tributaries  as  sources  of  recruitment  for  Clark  Fork  River  trout  populations. 
In  addition,  resident  sport  fishery  values  of  the  tributaries  are  being  assessed 
and  appropriate  management  recommendations  will  be  made  to  maintain  or  improve 
fishery  values  of  important  tributaries. 

To  assist  in  identifying  the  potential  influence  of  toxic  metals  on  aquatic 
biota,  DFWP  is  analyzing  crayfish  tissue  samples.   Potentially  toxic  heavy 
metals  originating  from  mine  tailings  in  the  upper  Clark  Fork  drainage  are  gradually 
diluted  as  the  Clark  Fork  receives  more  good  quality  dilution  water  from  downstream 
tributaries.   However,  monitoring  has  not  been  intensive  enough,  particularly  from 
Milltown  Dam  downstream,  to  determine  how  often,  if  at  all,  metals  criteria  are 
exceeded.   Crayfish  were  chosen  as  an  indicator  organism  because  their  movements 
are  confined  to  a  relatively  small  area.   Metals  concentrations  in  crayfish 
exoskeletons  may  prove  to  be  a  good  integrator  of  past  history  of  exposure  to 
metals . 

The  Department  of  Fish,  Wildlife  and  Parks  is  also  assessing  the  potential 
influence  of  pulp  mill  effluents  on  the  taste  of  sport  fish  in  the  Clark  Fork  River. 
Taste  tests  will  be  conducted  at  an  Oregon  State  University  lab  to  evaluate  the 
concentration  at  which  pulp  mill  effluents  adversely  taint  the  taste  of  desirable 
sport  fish.  | 

The  Department  of  Fish,  Wildlife  and  Parks  also  believes  that  there  is  a  need 
for  a  comprehensive  evaluation  of  the  Clark  Fork  River  system  which  cannot  be 
accomplished  within  the  scope  of  ongoing  studies.   The  comprehensive  study  should 
include  quantification  of  instream  flow  requirements  for  sport  fish  in  the  main 
river  as  well  as  major  tributaries,  expand  sampling  to  below  the  confluence  of  the 
Flathead  River,  assess  seasonal  and  temporal  distribution  and  movements  of  sport 
fish  during  both  juvenile  and  adult  life  stages  and  identify  interactions  between 
fish  populations  and  water  quality  relative  to  the  influence  of  tributary  streams. 

Some  of  the  above  mentioned  activities  will  be  studied  under  continued  redirection 
of  department  effort  to  the  Clark  Fork  River.   New  funding  will  probably  be  required 
to  complete  portions  of  the  comprehensive  evaluation.   Although  the  comprehensive 
evaluation  cannot  be  completed  in  the  short  time  frame  required  for  the  Champion 
Environmental  Impact  Statement,  the  data  collected  to  that  date  will  be  made 
available  and  used. 
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Outline 
Middle  Clark  Fork  River  Fishery  Monitoring  Study 

I.   Assessment  of  Influences  of  Pulp  Mill  Effluents  on  Trout  Population 
Characteristics  Including: 

1.  Number  and  Biomass  (pounds)  of  Trout/Mile 

2.  Trout  Species  Composition 

3.  Condition  Factors 

4.  Growth  Rates 

5.  Age  Structure 

6.  Mortality  Rates 

Method:   Fish  are  being  sampled  with  boom  suspended  electrof ishing  apparatus 
and  estimates  are  being  made  using  a  mark/recapture  technique. 

II.   Assessment  of  Influences  of  Pulp  Mill  Effluents  on  Trout  Reproduction. 
Bioassay  of  brown  trout  egg  and  sac  fry  survival  in  the  intergravel 
environment.   Intergravel  water  quality  parameters  of  possible  concern 
which  could  be  influenced  by  pulp  mill  waste  products  include  dissolved 
oxygen,  pH,  ammonia  and  fine  sediments.   Bioassay  sites  include: 

1.  Council  Grove  Site  -  just  upstream  from  Champion  effluent 

2.  Champion  site  -  immediately  downstream  from  Champion  effluent 

3.  Cyr  site  -  downstream  from  the  end  of  the  pulp  mill  effluent 
nixing  zone  (about  25  miles  downstream  from  the  mill) 

Method:   Trout  egg  and  fry  survival  are  being  monitored  with  fiberglass 
screen  egg  bags  placed  in  the  intergravel  environment  and  with  fry  emergence 
traps  placed  over  redds.   Intergravel  water  quality  samples  are  being  collected 
using  standpipes.   Stream  substrate  samples  are  being  collected  using  a 
McNeil  core  sampler. 

III.   Assessment  of  the  Potential  Influence  of  Toxic  Heavy  Metals  on  Aquatic  Biota. 
Crayfish  were  chosen  as  an  indicator  organism  because  their  movements  are 
confined  to  a  relatively  small  area.   Toxic  metals  concentrations  in  crayfish 
exoskeletons  may  prove  to  be  a  good  integrator  of  past  history  of  exposure 
of  an  indicator  organism  to  metals.   Sampling  locations  for  crayfish  include 
below  Mill town  Dam,  below  the  Missoula  sewage  outfall,  below  the  Champion 
outfall,  in  the  Bitterroot  River  (control),  near  Superior,  below  the 
Flathead  River,  below  Thompson  Falls  Reservoir  and  below  N'oxon  Reservoir. 

IV.   A  more  comprehensive  evaluation  of  the  Clark  Fork  River  system  which  cannot 

be  accomplished  within  the  scope  of  ongoing  studies  is  needed.   The  comprehensive 
study  should  include  quantification  of  instream  flow  requirements  for  sport 
fish  in  the  river  as  well  as  major  tributaries,  expand  sampling  to  below  the 
confluence  of  the  Flathead  River,  assess  seasonal  and  temporal  distribution 
and  movements  of  sport  fish  during  both  juvenile  and  adult  life  stages  and 
identify  interactions  between  fish  populations  and  water  quality  relative  to 
the  influence  of  tributary  streams. 
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Preliminary  Findings 

1.  Fifteen  species  representing  six  families  of  fish  are  found  in  the  middle  m 
Clark  Fork  River  between  Milltown  Dam  and  the  confluence  of  the  Flathead  River  ^ 
(Table  1).   Rainbow  trout  provide  the  bulk  of  the  sport  fishery  along  with  a 

few  brown,  westslope  cutthroat  and  bull  trout. 

2.  Brown  trout  egg  survival  rates  were  lower  at  sites  2  and  3,  Champion 
and  Cyr,  downstream  from  the  pulp  mill  effluent  than  at  site  1,  Council  Grove, 
the  upstream  control  (Tables  1  and  10). 

3.  Lower  egg  survival  rates  occurred  at  Champion  and  Cyr  even  though 
measured  gravel  permeabilities  were  consistently  higher  at  these  sites 
compared  to  the  control  (Table  5).   If  other  factors  remain  constant,  higher 
permeability  should  enhance  egg  survival  by  increasing  the  rate  of  oxygen 
supply  to  incubating  eggs. 

4.  Measurements  of  apparent  velocity  in  the  intergravel  environment  were 
very  limited.   However,  apparent  velocities  monitored  at  each  bioassay  site  from 
late  February  through  early  March  indicated  intergravel  apparent  velocity  was 
highest  at  Cyr,  lowest  at  Champion  and  intermediate  at  Council  Grove  (Table  4). 
Considerable  difficulty  was  encountered  in  developing  reliable  techniques  for 
measuring  apparent  velocity  in  the  intergravel  environment  of  the  middle 

Clark  Fork  River.   This  accounts  for  the  limited  number  of  measurements  made 

during  the  brown  trout  incubation  period  in  1984-85.   Field  experiments  indicated 

standard  standpipe  methods  for  measuring  apparent  velocity  were  unsuitable  for 

use  in  the  Clark  Fork  because  groundwater  does  not  flow  parallel  to  surface 

water.   This  violates  a  basic  assumption  for  standpipe  methods  that  groundwater 

does  flow  parallel  to  surface  water.   To  replace  standpipes,  a  variety  of  sizes      ^ 

and  types  of  seepage  meters  were  constructed  and  tested  to  measure  apparent         ^ 

velocity.   The  limited  findings  in  Table  4  are  based  on  measurements  of  apparent 

velocity  from  these  seepage  meters. 

5.  If  other  factors  remain  constant,  higher  apparent  velocity  should  enhance 
egg  survival  by  increasing  the  rate  of  oxygen  supply  to  incubating  eggs. 

6.  Dissolved  oxygen  concentrations  in  the  intergravel  environment  ranged 

to  considerably  lower  levels  at  Champion  and  Cyr  than  at  Council  Grove  (Table  7). 
Low  dissolved  oxygen  concentrations  in  the  intergravel  environment  can  reduce 
trout  egg  survival  rates  during  the  incubation  period. 

7.  Substrate  composition  was  most  favorable  for  egg  survival  at  the  Champion 
bioassay  site  (Table  14). 

8.  Dissolved  oxygen  concentration,  permeability,  apparent  velocity  and 
substrate  composition  interact  to  influence  trout  egg  survival  in  the  intergravel 
environment . 

9.  Preliminary  observations  suggest  concentrations  of  cadmium  and  zinc 

in  the  intergravel  environment  are  not  high  enough  to  adversely  affect  trout  egg 
survival  rates  (Table  8).   Additional  monitoring  of  copper  and  iron  concentrations 
in  the  intergravel  environment  is  needed  to  determine  whether  levels  are  high 
enough  to  influence  trout  egg  survival  rates  (Glenn  Phillips,  Montana  Department 
of  Fish,  Wildlife  and  Parks  and  Gary  Ingman,  Montana  Department  of  Health  and 
Environmental  Sciences,  personal  communication).  A 
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10.  Preliminary  observations  indicate  concentrations  of  ammonia  in  the 
intergravel  environment  are  not  high  enough  to  adversely  affect  trout  egg 
survival  rates  (Table  8)  (Glenn  Phillips,  Montana  Department  of  Fish,  Wildlife 
and  Parks,  personal  communication). 

11.  Water  depth  and  velocity  remained  within  acceptable  criteria  for  brown 
trout  egg  survival  during  the  incubation  period  (Table  3  and  Figure  1). 

12.  Embryo  development  was  slower  at  the  Champion  and  Cyr  sites  than  at 
Council  Grove  (Table  10).   By  mid-March,  1985,  the  eyed  egg  bioassay  was 
developed  to  97.8  percent  sac  fry  at  Council  Grove  compared  to  53.7  and  49.1 
percent  sac  fry  at  Champion  and  Cyr,  respectively. 

13.  Elevated  concentrations  of  sodium  and  chloride  ions  in  water  samples 
collected  from  the  intergravel  environment  at  Champion  and  Cyr  suggest  Champion 
effluent  affects  intergravel  water  quality  for  a  distance  of  at  least  25.6 
miles  downstream  from  the  effluent  discharge  (Table  9). 

14.  Limited  electrof ishing  surveys  indicated  young-of-the-year  trout  were 
relatively  more  abundant  in  the  Milltown  and  Superior  study  sections  than  in 
the  Missoula  and  Huson  sections  during  late  summer  of  1985  (Table  11). 

15.  Preliminary  estimates  of  catchable  rainbow  trout  in  four  study  sections 
of  the  Clark  Fork  River  are  shown  in  Table  12.   Rainbow  trout  provide  the  bulk 

of  the  sport  fishery  in  the  middle  Clark  Fork  River.   While  the  Clark  Fork 
roughly  doubles  in  size  between  the  Milltown  and  Superior  study  sections, 
preliminary  estimates  indicate  trout  populations  do  not  increase  at  this  same 
magnitude.   Locations  of  the  trout  population  estimate  study  sections  are  shown 
in  Taole  13. 


Summarv 


Fishery  studies  conducted  to  date  on  the  middle  Clark  Fork  River  suggest 
Champion  effluent  affects  intergravel  water  quality  for  a  distance  of  at  least 
25.6  miles  downstream  from  the  discharge.   Findings  from  a  field  bioassay 
indicated  brown  trout  egg  survival  rates  were  lower  at  sites  immediately 
downstream  and  25.6  miles  downstream  from  the  pulp  mill  effluent  than  at  an 
upstream  control.   Brown  trout  embryo  development  was  also  significantly  slower 
at  sites  downstream  from  die  pulp  mill  effluent  than  at  the  upstream  control. 

Intergravel  water  quality  will  be  monitored  by  the  Department  of  Fish, 
Wildlife  and  Parks  (DFWP)  at  eight  study  sites  on  the  Clark  Fork  River  during 
the  brown/rainbow  trout  incubation  period  in  1985-86.   In  addition  to  the 
Council  Grove,  Champion  and  Cyr  bioassay  sites  established  in  the  fall  of 
1984,  intergravel  water  quality  will  be  monitored  at  sites  near  Milltown  Dam, 
in  the  main  channel  of  the  Clark  Fork  River  near  Council  Grove,  near  the 
Erskine  Fishing  Access  (several  miles  downstream  of  the  Champion  effluent 
discharge  and  within  the  mixing  zone),  near  Huson  (below  the  Champion  mixing 
zone)  and  near  Superior  (also  below  the  Champion  mixing  zone).   This  will 
provide  a  total  of  three  monitoring  sites  upstream  from  the  pulp  mill  effluent 
discharge  and  five  downstream  from  the  discharge. 

Intergravel  water  quality  parameters  which  will  be  monitored  during  the 
brown/rainbow  trout  incubation  period  in  1985-86  include  total  recoverable 
concentrations  of  iron  and  copper,  total  hardness,  total  alkalinity,  pii, 
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water  temperature,  dissolved  oxygen,  conductivity,  total  suspended  solids, 
volatile  suspended  solids  and  concentrations  of  chloride,  sodium,  calcium  and 
magnesium.   The  intergravel  stu^ies  are  being  conducted  to  continue  to  evaluate 
environmental  factors  potentially  affecting  trout  egg  survival  rates  in  the 
Clark  Fork  River  and  to  more  accurately  assess  potential  direct  or  indirect 
affects  of  Champion  effluent  discharge  on  trout  reproductive  success. 

Even  though  the  Clark  Fork  River  approximately  doubles  in  size  between  the 
Milltown  and  Superior  study  sections,  preliminary  estimates  made  during  1984-85 
indicate  trout  populations  do  not  increase  at  the  same  magnitude.   DFWT  will 
estimate  trout  populations  in  the  Milltown,  Missoula,  Huson  and  Superior 
sections  in  1986  to  monitor  population  changes  compared  to  earlier  baseline 
estimates.   Environmental  factors  potentially  influencing  trout  population 
characteristics  in  the  four  study  sections  will  also  be  assessed.   Factors  such 
as  stream  gradient,  channel  development,  water  temperature  and  water  chemistry 
will  be  measured  to  aid  in  evaluating  differences  in  population  characteristics 
between  study  sections  and  to  continue  to  more  accurately  evaluate  whether 
trout  population  characteristics  are  affected  by  Champion  effluent  discharge. 
The  Milltown  and  Missoula  sections  are  located  upstream  from  the  Champion 
effluent  while  the  Huson  and  Superior  sections  are  located  downstream  from  the 
Champion  effluent  and  downstream  from  the  effluent  mixing  zone. 

DFWP  will  conduct  electrof ishing  surveys  in  1985-86  to  document  species 
of  nongame  and  forage  fish  present  and  their  relative  abundance  in  the  Milltown, 
Missoula,  Kuson  and  Superior  study  sections.   Forage  fish  are  important 
constituents  in  the  diet  of  trout,  particularly  brown  and  bull  trout.   The 
surveys  will  aid  in  beginning  to  identify  potential  differences  in  trout  food 
supply  between  the  sections  and  in  evaluating  whether  the  trout  food  supply  is 
affected  by  Champion  effluent  discharge. 

Potential  impacts  of  year  round  discharge  of  pulp  mill  effluents  on  trout 
populations  and  the  sport  fishery  of  the  middle  Clark  Fork  River  represent  a 
legitimate  public  concern.   Additional  time  is  needed  to  adequately  assess 
potential  impacts  of  year  round  discharge  on  trout  reproductive  success,  trout 
population  characteristics,  trout  food  supply  and  sport  fishing  success  rates. 
A  minimum  of  five  years  will  be  required  for  a  reliable  assessment  of  these 
impacts . 
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Table  1.   Fish  species  found  in  the  Clark  Fork  River  in  Montana  between 
llilltown  Dam  and  the  confluence  of  the  Flathead  River. 


SALMDNIDAE  (Trout  Family) 

Prosopium  wllliamsoni  -  Mountain  whitef ish  aL^ 

Salmo  clarki  lewisi  -  Westslope  cutthroat  trout  R* 

Salmo  .^airdneri  -  Rainbow  trout  C 

Salmo  trutta  -  Brown  trout  R* 

Salvelinus  f ontinalis  -  Brook  trout  R* 

Salvelinus  conf luentus  -  Bull  trout  R 

ESOCIDAE  (Pike  Family) 

Esox  lucius  -  Northern  pike  R 

CYPRIN'IDAE  (Minnow  Family) 

Mylocheilus  caurinus  -  Peamouth  R 

Ptychocheilus  oregonensis  -  Squawf ish  A 

Rhinichthys  cataractae  -  Longnose  dace  C 

Richardsonius  balteatus  -  Redside  shiner  A 

CATOSTOMIDAE  (Sucker  Family) 

Ca tos tomus  catos tomus  -  Longnose  sucker  R 

Catos tomus  macrocheilus  -  Largescale  sucker  A 

CENTRARCHIDAE  (Sunfish  Family) 

Micropterus  salmoides  -  Largemouth  bass  R 

C0TT1DAE  (Sculpin  Family) 

Cottus  cognatus  -  Slimy  sculpin  C 

1/   Relative  Abundance  -  A  =  Abundant,  C  =  Common,  R  =  Rare. 

*   Common  in  some  tributaries  of  the  Clark  Fork  in  the  study  area. 
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Table  2.   Study  site  names,  river  mileage  locations  and  legal  descriptions 
of  brown  trout  bioassay  sites. 

Site  Approximate 

No. Site  Name River  Mile Legal  Description 

1  Council  Grove            343.5  T13N,  R20W,  S06  DCC 

2  Champion                 338.6  T14N,  R21W,  S14  BBB 

3  Cyr                      313.0  T14N,  R23W,  S06  BCC 
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Table  3.   Physical  habitat  paraxaeters  of  brown  trout  egg  bioassay  sites  in 
the  Clark  Fork.  River  during  the  incubation  period.   Standard 
deviations  are  in  parentheses. 


Mean 

Point 

Depth 

Velocity 

V 

relocity 

Egg 

(ft) 

(ft/sec) 

(ft/sec) 

Date 

Site 
1 

Type 

N 

X 

N  x 

N 

X 

11/15-16/84 

Green 

6 

0.94 (-0.19) 

6  2.09(^0.60) 

6 

1.09 (±0.41) 

ii 

o 

Green 

6 

0.96(±0.05) 

6  2.4K-0.11) 

6 

1.08(±0.42) 

ii 

3 

Green 

6 

1.00^0.17) 

6  1.98(40.51) 

6 

1.17(40.44) 

12/8/84 

1 

Green 

1 

0.7 

1  1.15 

1 

0.45 

ii 

2 

Green 

1 

0.55 

1  0.1 

1 

0.0 

n 

3 

Green 

1 

0.75 

1  0.75 

1 

0.25 

1/15-17/85 

1 

Green 

6 

0.77(+0.30) 

6  1.22(40.64) 

6 

0.50(40.40) 

n 

2 

Green 

6 

0.47(+0.13) 

6  0.50(+0.08) 

6 

0.23(40.11) 

n 

3 

Green 

6 

0.23(40.14) 

6  0.09(40.15) 

- 

II 

1 

Eyed 

5 

1.29 (+0.12) 

5  2.28(+0.37) 

5 

0.73(40.39) 

n 

2 

Eyed 

5 

1.24(+0.29) 

5  1.75(+0.37) 

5 

0.63(40.24) 

II 

3 

Eyed 

4 

0.66(40.14) 

4  2.15(40.27) 

- 

1/22-24/85 

1 

Green 

6 

0.68(40.30) 

6  1.17(40.90) 

6 

0.54(40.46) 

ii 

2 

Green 

b 

0.37(+O.10) 

6  0.25 (+0.08; 

6 

0.06(40.08) 

•  i 

3 

Green 

6 

0.99(40.27) 

6  1.88(40.30) 

6 

0.76(40.25) 

n 

1 

Eyed 

5 

1.17(+0.06; 

5  2.29(40.35) 

5 

1.20(40.39) 

ii 

2 

Eyed 

5 

i.iK+o.19; 

5  1.56(40.24) 

5 

0.70(40.27) 

ii 

3 

Eyed 

4 

1.38 (+0.38} 

4  3.09(+0.7i; 

4 

1.38(40.31) 

2/22,25/85 

1 

Green 

6 

0.72(+0.29; 

6  1.14(40.76; 

6 

0.37(40.32) 

ii 

2 

Green 

0 

0.41(40.13) 

6  0.49(40.16; 

6 

0.28(+0.20) 

ii 

3 

Green 

6 

0.95(40.25; 

6  1.73(40.30. 

6 

0.73(40.41) 

ii 

1 

Eyed 

5 

i.22(+o.io; 

5  2.42(40.29; 

5 

0.84(40.18) 

■  I 

2 

Eyed 

5 

1.2K+0.29] 

5  1.77(40.23 

>   5 

0.78(40.28) 

ii 

3 

Eyed 

4 

1.13(40.05) 

4  3.08(40.71. 

4 

0.83(40.38) 

3/14-15/85 

1 

Green 

6 

0.72(+0.26~ 

6  1.49(40.66 

6 

0.75(40.30) 

" 

2 

Green 

6 

0.55(+0.09; 

b  0.79(40.23 

6 

0.32(+0.20) 

it 

3 

Green 

b 

0.90(+0.25; 

6  1.79(40.29 

6 

0.73(40.26) 

ii 

I 

Eyed 

5 

1.27(40.10 

5  2.66(40.30 

5 

1.09(40.33) 

ii 

2 

Eyed 

5 

1.42(40.31) 

5  1.78(40.26 

5 

0.69(40.15) 

H 

3 

Eyed 

4 

1.08(40.10' 

4  2.96(+0.57 

4 

1.08(40.10) 

3/27,29  & 

1 

Green 

6 

0.73(40. 30) 

6  1.83(40.82 

6 

1.00(40.32) 

4/3/85 

2 

Green 

6 

0.70(40.08' 

6  1.38(40.12 

6 

0.63(40.15) 

ii 

3 

Green 

6 

1.62(40.19. 

6  2.44(+0.19 

6 

0.90(40.33) 

H 

1 

Eyed 

5 

1.29(40.18 

)    5  2.47(40.29 

5 

1.42(40.15) 

ii 

2 

Eyed 

D 

1.56(40.30 

5  1.94(40.19 

)   5 

0.74(40.20) 

it 

3 

Eyed 

4 

2.11(40.10 

)    4  2.74(40.33 

4 

0.75(+0.27) 
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Table   4.      Groundwater   flow  into   the   Clark  Fork  River  measured  by   seepage 

meters   at  brown   trout   egg  bioassay   sites.      Standard   deviations   are 
in  parentheses. 


0 


Site 

Date 

No.  of 
measurements 

Apparent  velocity 

ml/m-.  min 

Apparent  velocity 
cm/hr 

2 

12/19/84-1/4/85 

3 

0.70  (+0.69) 

0.25  (+0.25) 

1 

2/22-3/5/85 

2 

0.34  (+0.15) 

0.12  (+0.06) 

2 

2/21-3/5/85 

2 

0.14  (+0.04) 

0.05  (+0.01) 

3 

2/25-3/5/85 

2 

0.80  (+0.04) 

0.29  (+0.01) 

2 

3/6-3/22/85 

2 

1.02  (+0.37) 

0.37  (+0.13) 

2 

3/27-4/2/85 

■  3 

- 

3.71  (+2.80) 
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Table  5.   Permeabilities  at  10  C  from  the  brown  trout  bioassay  sites  in  the 
Clark  Fork  River.   Standard  deviations  are  in  parentheses. 

Egg       Number      Permeability      Permeability 
Date Site Type (N) K10  (cm/min) K10  (cm/hr) 


11/19-20/84 

1 

Green 

6 

0.9 

(+0.6) 

54 

(+36) 

ii 

2 

Green 

6 

5.0 

(+2.4) 

300 

(+144) 

it 

3 

Green 

6 

2.6 

(+2.6) 

156 

(+156) 

1/22-25/85 

1 

Green 

6 

3.4 

(+0.8) 

204 

(+48) 

ii 

9 

Green 

6 

7.5 

(+5.2) 

450 

(+312) 

ii 

3 

Green 

6 

10.1 

(+1.4) 

606 

(+84) 

ii 

1 

Eyed 

6 

3.9 

(+1.9) 

234 

(+114) 

ii 

2 

Eyed 

6 

8.3 

(+4.0) 

498 

(+240) 

ii 

3 

Eyed 

6 

24.6 

(+9.2) 

147b 

(+552) 

3/28-29  & 

1 

Green 

6 

3.0 

(+1.9) 

180 

(+114) 

4/3/85 

2 

Green 

6 

6.0 

(+4.4) 

360 

(+264) 

ii 

3 

Green 

6 

5.3 

(+2.8) 

318 

(+168) 

ii 

1 

Eyed 

6 

4.4 

(+2.3) 

264 

(+138) 

ii 

2 

Eyed 

6 

16.8 

(+11.7) 

1008 

(+702) 

it 

3 

Eyed 

1 

24.4 

1464 
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Table  6, 


Dissolved  oxygen  concentrations  from  brown  trout  egg  bioassay  sites 
in  the  Clark  Fork  River.   Standard  deviations  are  in  parentheses. 


Sample 

Egg 

Dissolved  Oxygen 

Site 

Date 

Source 

Type 

N 

(mg/1) 

1 

11/15/84 

Surface 

1 

11.4 

1 

ii 

Gravel 

Green 

4 

10.9 

(+0.3) 

2 

ii 

Surface 

- 

1 

13.5 

2 

ii 

Gravel 

Green 

3 

4.9 

(±3.0) 

3 

11/16/84 

Surface 

_ 

1 

13.9 

3 

II 

Gravel 

Green 

4 

12.3 

(±0.5) 

2 

12/13/84 

Surface 

_ 

1 

13.0 

2 

ii 

Gravel 

Green 

1 

3.3 

2 

ti 

Gravel 

Eyed 

1 

8.5 

1 

12/17/84 

Surf ace 

_ 

1 

11.4 

1 

ii 

Gravel 

Green 

3 

10.2 

(±0.3) 

2 

ii 

Surface 

- 

1 

14.1 

2 

ii 

Gravel 

Green 

3 

10.3 

(±2.1) 

3 

12/14/84 

Surface 

- 

1 

13.6 

3 

" 

Gravel 

Green 

3 

13.1 

(±0.3) 

1 

1/30/85 

Surface 

_ 

1 

12.3 

1 

ii 

Gravel 

Green  & 

Eyed  5 

10.6 

(+1.1) 

2 

1/29/85 

Surface 

- 

2 

13.7 

(+0.1) 

2 

ii 

Gravel 

Green 

2 

5.8 

(+1.5) 

2 

ii 

Gravel 

Eyed 

2 

11.7 

(±1.1) 

3 

n 

Surface 

- 

1 

13.0 

3 

ii 

Gravel 

Green 

0 

10.2 

(+0.5) 

3 

ii 

Gravel 

Eyed 

3 

10.7 

(±1.2) 

1 

2/28/85 

Surface 

_ 

_ 

_ 

1 

ii 

Gravel 

Green  & 

Eyed  5 

8.7 

(+0.7) 

2 

TI 

Surface 

- 

2 

12.7 

(+0.1) 

2 

II 

Gravel 

Green 

3 

5.2 

(+2.6) 

2 

II 

Gravel 

Eyed 

3 

9.5 

(±2.0) 

3 

3/1/85 

Surface 

- 

1 

11.9 

3 

it 

Gravel 

Green 

5 

8.2 

(+1.6) 

3 

ii 

Gravel 

Eyed 

4 

6.0 

(±1.3) 

1 

4/1/85 

Surface 

- 

1 

12.6 

1 

ii 

Gravel 

Green  & 

Eyed  5 

3.7 

(±1.5) 

2 

ii 

Surface 

- 

1 

11.7 

2 

n 

Gravel 

Green 

3 

0.7 

(+0.4) 

2 

ii 

Gravel 

Eyed 

3 

8.1 

(±3.9) 

3 

ii 

Surface 

- 

1 

11.4 

3 

n 

Gravel 

Green 

3 

8.1 

(+2.2) 

3 

ii 

Gravel 

Eyed 

3 

7.4 

(±1.2) 

-  L  3b- 


Table  7.   Overall  mean  dissolved  oxygen  concentrations  from  brown  trout  egg  bioassay 
sites  in  the  Clark  Fork  River.   Standard  deviations  are  in  parentheses. 

Mean  Dissolved  Oxygen    Dissolved  Oxygen  Range 
N (mg/1) (mg/1) 


Sample 

Egg 

Site 

source 

tvpe 

1 

Surface 

- 

Gravel 

Green 

: 

Surface 

- 

Gravel 

Green 

Gravel 

Eyed 

4 

21 


11.9  (+  0.6) 
9.6  (+  1.2) 


8  13.1  (+  0.8) 
15         5.2  (+  3.6) 

9  9.4  (+  2.6) 


11.4  -  12.6 

7.2  -  12.3 

11.7  -  14.1 

0.4  -  12.2 

3.9  -  12.5 


Surface 

Gravel  Green 

Gravel  Eved 


5  12.8    (+   1.1) 

17  10.2    (+  2.5) 

10  7.8    (+   2.3) 


11.4   -   13.85 
5.7   -   13.5 
4.2   -   11.7 
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Table  9.   Major  cation/anion  concentrations  from  brown  trout  egg  bioassay  site 
in  the  Clark  Fork  River. 


3/5/85 


Mean 


Date     Site  Sample  Source 


S0A"2        ci^" 


ncentration    (mg/1) 

+    F   Ca+2   M2+2 


Gravel 
Surface 


21.2 
21.4 


3.1 
3.1 


7.5 
7.3 


2.3 

2.1 


30.0 
30.6 


11.1 
11.0 


Gravel-side    channel  142.0  43.1 

Surface-side    channel  24.0  5.0 

Gravel-main   river  21.6  4.9 

Surface-main   river  21.6  4.9 


144.0  4.5  34.9  17.7 

13.6  2.2  30.0  11.0 

12.6  2.3  30.3  9.7 

12.6  2.3  30.3  9.7 


Gravel 
Surface 


24.5 
21.0 


4.1 
4.1 


10.2 
10.1 


2.5 


29.7 
30.0 


10.9 
10.8 


4/2/85 


Gravel 
Surface 


22.7 

25.9 


2.8 
2.7 


6.6   2.0   30.9 
7.1   1.8  31.8 


10.2 

10.4 


Gravel-side  channel  404.0  123.0 

Surface-side  channel  31.0  4.1 

Gravel-main  river  30.2  4.1 

Surface-main  river  31.2  4.0 


388.0  8.5  68.2  28.5 

11.4  1.9  30.8  10.0 

11.4  2.0  31.8  10.5 

11.4  1.8  31.2  10.0 


Gravel 
Surface 


21.9 
27.0 


3.6 

3.5 


9.1 
9.3 


2.1 
1.8 


29.8 
30.6 


10.1 
9.6 
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Table   10.      Egg  survival  from   three  bioassay   sites    in   the   Clark  Fork  River. 

Egg  Percent  Eggs  Stage   of 

Date Site  Type  Survival  Live,  Dead  Development    (Live   Eggs) 

11/19-20/84          1  Green  98.1  159  3  100%  Green 

2  Green  98.8  163  2  100%  Green 

3  Green  95.6  151  7  100%   Green 

12/8/84                   1  Green  95.0  151  8  100%  Green 

"                         2  Green  92.0  149  13  100%   Green 

3  Green  92.5  149  12  100%   Green 

1/22-24/85            1  Green  89.0  145  18  100%   Green 

2  Green  78.8  130  35  100%  Green 

"                       3  Green  94.3  150  9  100%  Green 

1  Eyed  91.4  148  14  99.3%  Eyed, 0.7%  Sac   Fry 

2  Eyed  92.6    -  150  12  100%   Eyed 

3  Eyed  92.0  150  13  100%   Eyed 

2/21.22&25/85      1  Green  92.0  149  13  2.0%  Green, 96. 6%  Eyed, 1.3%  Sac   Fry 

2  Green  0.0*  0  162 

3  Green  0.0*  0  158 

1  Eyed  91.5  150  14  95.3%   Eyed, 4. 7%   Sac   Fry 

2  Eyed  70.8  114  47  100%   Eyed 

3  Eyed  83.9  135  26  98.5%   Eyed, 1.5%   Sac   Fry 

3/14-15/85            1  Green  86.8  46  7  4.3%   Green, 91. 3%   Eyed, 4. 3%   Sac   Fry 

"                         2  Green  0.0  0  164 

3  Green  0.0  0  157 

1  Eyed  tf5.3  139  24  2.2%   Eyed, 97. 8%  Sac   Fry 

2  Eyed  66.3  108  55  46.3%   Eyed, 53. 7%  Sac  Fry 

3  Eyed  65.8  106  55  50.9%   Eyed, 49.1%  Sac   Fry 

3/27,29   &              1  Green  91.7  143  13  2.1%   Green, 94. 4%   Eyed, 3. 5%   Sac   Fry 

4/2/85                     2  Green  0.0  0  162 

3  Green  0.0  0  161 

1  Eyed  83.2  134  27  100%   Sac   Fry 

2  Eyed  72.4  110  42  100%   Sac   Fry 

3  Eyed  43.6  52  55  100%   Sac   Fry 

*   Green  egg   bioassay    terminated   due  to   egg  freeze-up. 
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Table   11.      Average  size  and  relative  abundance  of  young-of-the-year    trout 
sampled  by   electrof ishing   in  four   study  sections   of    the  Clark 
Fork  River  during   late   summer   1985. 


Study 

Trout 

Average 

Juvenile  Trout 

Section 

Date 

Species 

Length  (mm) 

Electrof is hed /Hour 

Milltown 

8/26/85 

Rainbow 

57 

7.1 

Brown 

90 

10.7 

Missoula 

8/28/85 

Rainbow 

76 

1.7 

(side  channel) 

Brown 

94 

10.0 

Missoula 

8/28/85 

Rainbow 

63 

1.4 

(main  river) 

Brown 

- 

0.0 

Huson 

8/30  & 

Rainbow 

60 

3.6 

9/4/85 

-  Brown 

77 

0.3 

Superior 

9/5/85 

Rainbow 

58 

14.6 

Brown 

81 

1.1 

■14 


Table  12.   Preliminary  trout  population  estimates  in  four  study  sections  of 
the  Clark  Fork  River. 

Study      Date  of        Fish      Section  Catchablei7      Catchablei/ 

Section    Estimate Species    Length (mi)  Trout/Section    Trout/Mile 


Missoula  Sept.  1984  Rainbow  8.6  1506 

Missoula  June  1985  Rainbow  8.6  1804 

Mill town  June  1985  Rainbow  3.6  1035 

Superior  July  1985  Rainbow  6.3  1382 

Huson  Sept.  1985  Rainbow  4.5  1749 


175 
210 
288 
219 
389 


1/  Catchable  trout  7-inches  total  length  and  larger 
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Table   13.      Location,    length  and  river  mile  index  boundaries   of   fish  population 
study  sections  on   the  Clark  Fork  River. 


Section  Description  Section  River  Mile 

Name of   Location Length    (mi) Index  Boundaries 

Milltown  Mi  11 town  Dam   to   2.8  miles   upstream  3.4  364. 4    to   361.0 

from  confluence   of   Rattlesnake  Cr . 

Missoula  Confluence  of   Bitterroot   R.    to  0.5  8.6  350.5   to   341.9 

mile   upstream   from  Harper  Bridge 

Huson  Confluence   of   Sixmile   Cr.    to  4.0  4.5  328.2   to   323.7 

miles   upstream  from  confluence   of 
Petty   Cr. 

Superior  Confluence   of   Cedar   Cr.    to  6.3  286.6    to    280.3 

confluence   of   Dry   Cr. 


t 
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Table  14.   Fine  substrate  composition  at  green  and  eyed  brown  trout  egg 
bioassay  sites  on  the  Clark  Fork  River. 


gga  Typ6 


Percentage   of   materials   passing    through 
bioassay   Site 0.84-mm  sieve    (-   standard   deviation)* 


Green 


1  23.20%    (+  1.61) 

2  10.59%    (+  3.39) 

3  19.07%    (+   2.93) 


Eyed  1  16.06%    (+  A. 21) 

2  12.68%   (+  0.85) 

3  23.26%    (+11.04) 


*  Spawning   success  may   be   impaired  where  bottom  materials    contain  more   than  15 
to   20  percent  of   materials   passing   through  an  0.84-mm  sieve   (McNeil,   W.   J. 
and  W.   K.   Ahnell,    1964.      Success   of   pink  salmon  spawning   relative   to  size   of 
spawning   bed  materials.      USDI,    Fish  and  Wildlife  Service.      Special 
Scientific  Report:    Fisheries   No.    469). 
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Figure  1.   Probability  of  use  criteria  curves  for  brown  trout 
spawning  (from  Bovee  1978). 
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Figure  2.   Probability  of  use  criteria  curves  for  brown  trout 
egg  incubation  (from  Bovee  1978). 
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Abstract : 

Using  plexiglass  metabolism  chambers,  community 
metabolism  was  measured  at  four  riffle  sites  in  the  Clark 
Fork  River  during  November,  1984,  and  April  and  August,  1985. 
To  study  the  potential  impacts  of  a  kraft  mill  wastewater 
discharge  on  community  metabolism,  two  riffle  sites  were 
sampled  above  the  kraft  mill  outfall  and  two  riffle  sites 
were  sampled  below  an  established  "mixing  zone"  for  the  kraft 
mill    wastewaters. 

The  kraft  mill  discharge  program  had  no  effect  on  the 
metabolic  rates  of  the  riffle  communities  downstream  of  the 
mixing  zone.  The  high  background  nutrient  concentrations  in 
this  reach  of  the  Clark  Fork  River  supported  high  metabolic 
rates  which  minimized  the  impact  of  the  kraft  mill  on  riffle 
community  metabolism.  Enhanced  metabolic  rates  at  the  most 
upstream  riffle  site  (Flat  Valley)  suggested  that  an  upstream 
source(s)  of  nutrients  was  affecting  the  metabolism  of  the 
river  below  Missoula.  Moreover,  groundwater  flows  in  the  area 
were  found  to  be  contributing  nitrate  to  the  Bitterroot  and 
Clark  Fork  Rivers.  During  August,  these  groundwater  subsidies 
supported  high  primary  productivity  rates  which  were 
phosphor  us- 1 i m i ted .  in  areas  not  receiving  groundwater  (or 
point  source)  nitrate  subsidies,  riverine  primary 
productivity    was    ni t ra te- 1 i m i ted. 

During  August  of  1985,  water  column  metabolism  was 
measured  at  the  four  riffle  sites  using  light-dark  bottle 
incubations.  No  water  column  metabolism  was  detected  at  any 
of    the    riffle    sites. 

During  an  in  situ  chamber  experiment,  a  1:1  mixture  of 
kraft  mill  wastewater  and  river  water  reduced  primary 
productivity  of  the  enclosed  benthic  community.  The  1:1 
mixture  did  not  affect  the  diel  respiration  of  the  enclosed 
benthic    community. 

In  an  in  situ  light-dark  bottle  experiment,  river  water 
and  three  nTl  xture  s  (1:1,  1:20,  and  1:200)  of  kraft  mill 
wastewater  and  river  water  were  incubated  to  assess  the 
impact  of  kraft  mill  wastewater  on  water  column  (vs  benthic) 
metabolism.  No  water  column  metabolism  was  measured  in  the 
river  water.  Primary  productivity  was  measured  in  all  the 
mixtures  of  kraft  mill  wastewater  and  river  water. 
Respiration  was  noted  only  in  the  1:1  and  1:20  mixtures  of 
kraft  mill  wastewater  and  river  water.  The  changes  in  water 
column  metabolism  due  to  the  addition  of  kraft  mill 
wastewater  were  negligible  when  compared  to  the  benthic 
community    metabolism    of    the    Clark    Fork    River. 


-150- 


Acl«  nowl  e       •  s 

We  would  like  to  thank  Champion  International  for  their 
full  cooperation  and  assistance  throughout  the  study;  the 
Montana  Water  Quality  Bureau  and  the  U.S.  Geological  Survey 
for  sharing  their  provisional  lata;  Dr.  vicki  Wat  sin,  the 
Botany  Department,  and  the  Environmental  Studies  Program  of 
the  University  of  Montana  for  their  support  and  the  use  of 
the  Environmental  Sciences  Lab  in  Missoula;  Ms.  Carolyn 
Bauman  for  her  invaluable  field  assistance  during  the 
experimental  program;  and  Dr.  Loren  3ahls  and  Mr.  Gary  Ingman 
of  the  Montana  Water  Quality  Bureau  for  their  support  and 
guidance  throughout  the  study. 

This  study  was  funded  with  a  grant  from  the  Montana 
Water  Quality  3ureau. 


-151- 


Q 

Uj 

'JJ  ,_  l-J 

^ 

JT  ,°?  0= 

r:  ^  ^ 

■•—!■■. 

"~ 

o  5  a 

!^j 
^ 

f        1 

Uj 

^  i-  ~  , 

-*-i 

■>- 

Cj 

52r 

■^J 

o 

TABLE  OF  CONTENTS 

Page 
INTRODUCTION  1 

OBJECTIVES  4 

STUDY  AREA 

Hydrogeology  5 

Climate  7 

Seasonal  Variations  of  Water  Quality  in  the  Clark 

Fork  River 7 

Disturbances  in  the  Clark  Fork  River  Watershed  .  .  11 

Location  of  Study  Sites  13 

METHODS  AND  MATERIALS 

Synoptic  Study  16 

Water  Chemistry 20 

Experimental  Program: 

Effect  of  Diluted  Kraft  Mill  Wastewater  on 
Benthic  Riffle  Community  Metabolism  20 

Effect  of  Diluted  Kraft  Mill  Wastewater  on 
Water  Column  (vs  Benthic)  Metabolism  22 

RESULTS  AND  DISCUSSION 

Seasonal  Changes  in  Metabolic  Rates  23 

Impacts  of  the  Kraft  Mill  on  Riffle  Community 
Metabolism 35 

Other  Sources  of  Nutrients 39 

Experimental  program: 

Effect  of  Diluted  Kraft  Mill  Wastewater  on 
Benthic  Riffle  Community  Metabolism  50 

Effect  of  Diluted  Kraft  Mill  Wastewater  on 
Water  Column  (vs  Benthic)  Metabolism  54 


•152- 


CONCLUSIONS 

Seasonal  Variations  of  Riffle  Community  Metabolism  60 

Impact  of  the  Kraft  Mill  on  the  Clark  Fork  River.  .  62 

Riffle  Community  Metabolism  as  a  Measure  of  Water 

Quality 63 

LITERATURE    CITED     65 

APPENDIX    A.-    What    is    Community    Metabolism?     75 

APPENDIX    B.       Organic    Matter    and    Other    Water    Chemistry 

Variables 84 


♦ 


% 


-153- 


INRODUCTION 

During  1984,  Champion  International  modified  the 
wastewater  discharge  program  of  its  kraft  paper  mill  in 
Frenchtown,  Montana.  Before  this  modification,  the  kraft 
mill  used  rapid  infiltration  basins  as  a  final  treatment  for 
most  (65%)  of  its  wastewater  (Grimestad  1977).  The  remaining 
wastewater  (35%)  was  stored  in  holding  ponds  until  the  spring 
freshet  of  the  Clark  Fork  River  occurred;  then  the  holding 
ponds  were  drained  directly  into  the  Clark  Fork  River. 
Eventually  the  rapid  infiltration  basins  became  clogged  so 
that  less  wastewater  was  disposed  by  this  method  and  the 
kraft  mill  began  to  experience  storage  problems.  Champion 
International  received  permission  from  the  Montana  Department 
of  Health  and  Environmental  Sciences  to  modify  the  wastewater 
discharge  program  in  April  of  1984.  Thereafter,  the  kraft 
mill  began  year-round  direct  discharge  of  its  wastewater  into 
the  Clark  Fork  River.  This  year-round  direct  discharge 
program  was  subjected  to  some  key  restrictions  to  protect  the 
water  quality  of  the  river.  For  example,  direct  discharge 
was  not  permitted  when  the  river  flowed  less  than  1900  cubic 
feet  per  second;  or  when  ambient  dissolved  oxygen 
concentrations    were    less    than    7.0    mg    1      . 

Despite  these  restrictions,  the  modification  of  the 
wastewater  discharge  program  created  much  public  concern 
about     the     potential     environmental     impacts    of     the     kraft    mill 
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wastewater  on  the  Clark  Fork  River.  Two  fish  kills  had  been 
documented  in  the  Clark  Fork  River  that  were  attributed  to 
the  discharge  of  kraft  mill  wastewater  during  the  late  1950's 
and  early  1960's  (Spindler  and  Whitney  1960;  Shew man  et  a  1  . 
1984).  These  fish  kills  raised  public  concern  about  the 
toxicity  of  the  wastewater.  Because  wood  fibers  contain 
relatively  small  amounts  of  phosphorus  and  nitrogen,  the 
kraft  mill  would  have  to  add  large  amounts  of  these  nutrients 
to  the  wastewater  to  promote  biological  treatment  in  order  to 
meet  the  five-day  biological  oxygen  demand  (B0D5)  criteria 
specified  by  the  Montana  Department  of  Health  and 
Environmental  Sciences  for  the  year-round  direct  discharge 
program  (Shewman  et  al.  1984).  There  was  public  concern  that 
this  addition  of  nutrients  might  lead  to  a  discharge  of 
excess  nutrients  to  the  Clark  Fork  River  which  could  cause 
eu t roph i ca t ion— an  undesirable  increase  in  autotrophic 
productivity  of  the  periphyton  (the  attached  algae  on  the 
river    bottom) —    downstream    of    the    kraft    mill    outfall. 

The  kraft  mill  was  also  allowed  to  increase  it's  annual 
loading  of  total  suspended  solids  (TSS)  to  the  river.  Since 
80-95%  of  the  TSS  was  believed  to  be  bacteria  or  bacterial 
cell  fragments  (Shewman  et  al.  1984),  there  was  much  concern 
that  the  increased  loading  of  TSS  would  decrease  dissolved 
oxygen  concentrations  of  the  river  water  or  that  the  TSS 
would  settle  in  pool  .areas  of  the  river  and  cause  other  water 
quality    problems. 

To  obtain  information  that  would  help  address  these 
oublic     concerns,      we     designed       a     community     metabolism     study 
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(cf.    Bott    et    al.    1978)    to   examine   the   oxygen   dynamics   of    the 

Clark    Fork   River.    If    the   discharge   of    these    bacterial    cells 

exerted    a    significant    impact    on    the    Clark    Fork    River,    the 

respiration     (or     the    consumption    of    oxygen)     of     the     riffle 

communities    downstream    of     the     kraft     mill     outfall       would 

increase     (cf.     Boyle     and     Scott     1984).        If     the     kraft     mill 

wastewater    contained    elevated    concentrations   of    nutrients 

(phosphorus,     nitrates,     ammonia,     etc.),     the     net     community 

primary      productivity     of      the      riffle     communities      (which 

produces    oxygen)     downstream    of     the    kraft    mill     outfall     would 

also    increase    (cf.     Stockner    and    Shortreed    1978;     Elwood    et    al. 

1981;    Peterson   et   al.    1983,    1985).      Conversely,    if   the   kraft 

mill    wastewater   contained    significant   concentrations   of    toxic 

substances,      the     net     community     primary     productivity     and 

respiration    of    the    riffle    communities   downstream   of    the    kraft 

mill    outfall    would    be    expected    to   decrease    (Moore    and    Love 

1977).         For    readers    unfamiliar    with    measurement   of    community 

metabolism    in    rivers,    a    more   detailed,    explanatory    text    is 

included    as    Appendix    A. 

To  detect  these  possible  trends  in  the  Clark  Fork  River, 
short-term  field  surveys  (referred  to  as  synoptic  studies) 
were  initiated  for  selected  riffle  areas  above  and  below  the 
kraft  mill  outfall.  These  synoptic  studies  involved 
intensive  field  efforts  over  a  period  of  several  days  during 
autumn,  1934,  and  spring  and  summer,  1985,  since  community 
metabolism  could  change  seasonally  (Hall  1972;  Minshall  et 
al.    1983;    Bott    et    a 1 .    19  85). 
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Since  the  Clark  Fork  River  is  subjected  to  other 
pollution  sources  upstream  of  the  kraft  mill  (e.g.  mining,  a 
large  municipal  wastewater  discharge,  logging,  agriculture), 
an  experimental  program  also  was  developed  to  directly  assess 
the  impacts  of  kraft  mill  wastewater  on:  1)  the  riffle 
community  metabolism  of  the  Clark  Fork  River;  and  2)  the 
water  column  metabolism  of  the  Clark  Fork  River.  In  an 
attempt  to  obtain  correlates  of  important  water  quality 
variables  (e.g.  phosphorus,  nitrogen,  chloride,  sulfates, 
etc.)  with  expected  trends  in  riffle  community  metabolism, 
water  samples  were  collected  during  the  synoptic  studies  and 
also  during  the  experimental  work.  These  samples  were 
analyzed    for    several    chemistry    variables. 


03JECTIVES 

With     the    synoptic    studies    and    the    exper i men ta 1  prog  ram , 
we    hoped    to    accomplish    the    following    five    objectives: 

1) To     assess     the      impact     of     the     year-round     direct 
discharge    program    of    the    Frenchtown    kraft    mill    on    the    riffle 
community    metabolism    of    the    Clark    Fork    River; 

2)  To  document  seasonal  changes  in  the  metabolic  rates 
of    the    riffle    communities    in    the    Clark    Fork    River; 

3)  To  assess  the  immediate  impact  of  diluted  kraft  mill 
wastewater  (1:1)  on  the  riffle  community  metabolism  of  the 
Clark    Fork    River; 
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4)  To  determine  the  decomposition  rate  of  diluted  kraft 
mill  wastewater  (1:1,  1:20,  and  1:200)  in  the  Clark  Fork 
River;    and 

5)  To  assess  the  feasibility  of  using  riffle  community 
metabolism    as    an    indicator    of    such    pollution. 


STUDY    AR_EA 
Hyd  rogeology 

The  Clark  Fork  River,  which  originates  near  the  city  of 
Butte,  drains  the  west  slope  of  the  Continental  Divide  in 
west-central  Montana  and  eventually  empties  into  the  Columbia 
River  via  Lake  pend  Oreille  and  the  pend  Oreille  River. 
About  160  km  (1.0  km  is  0.62  miles)  from  its  origin,  the 
river  flows  across  bedrock  at  Hellgate  Canyon  and  enters  the 
northeast    corner    of    the    Missoula    Valley. 

After  entering  the  Missoula  valley,  the  Clark  Fork  River 
flows  southwesterly  about  6  miles  with  an  average  stream 
gradient  (a  decrease  of  river  elevation  with  distance)  of  12 
feet  per  mile  before  its  confluence  with  the  Bitterroot  River 
about  4  miles  west  of  Missoula  (Figure  1.).  The  Bitterroot 
River  has  an  average  jradient  of  6  feet  per  mile  from  where 
it  enters  the  southea  t  :orner  of  the  Missoula  valley  to  the 
confluence  (Geldon  1979).  After  the  Clark  Fork  River  meets 
the    Bitterroot    River,     the    river     flows    northwesterly    until     it 
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Figure  1.  General  direction  of  groundwater  flow  (see  arrows) 
from  the  Clark  Fork  River  above  its  confluence 
with  the  Bitterroot  River  to  the  Bitterroot  River; 
and  to  the  Clark  Fork  River  below  Kelly  Island. 
Directions  are  based  on  piezometric  contours  of 
Gelman  and  Curry  (1978).  The  circle  is'  the 
location  of  the  Flat  Valley  synoptic  study  site. 
The  squares  are  the  locations  of  sites  sample. 
during  a  special  nitrate  study  (see  text).  The 
stars  are  the  locations  of  Hell  gate  Canyon  and 
Kelly  Island.  The  dotted  line  is  the  approximate 
boundary  of  groundwater  storage  in  the  Missoula 
Valley. 


leaves  the  Missoula  Valley  at  the  Alberton  Narrows  (located 
about  16  kin  downstream  of  the  petty  Creek  Fishing  Access), 
where     it    flows    over    bedrock    again.     (Konizeski    and    Alt    1972). 


Within  the  Missoula  Valley,  the  Clark  Fork  River  is 
believed  to  be  influent  (i.e.  river  water  infiltrates  into 
the  groundwater)  from  Hellgate  Canyon  to  its  confluence  with 
the  Bitterroot  River  (McMurtrey  et  al.  1965).  From  the 
confluence  of  the  Bitterroot  River  with  the  Clark  Fork  River 
to  the  Alberton  Narrows,  the  Clark  Fork  River  is  believed  to 
be  effluent  (i.e.  groundwater  flows  into  the  river)  except 
for  brief  periods  during  the  spring  freshet  (McMurtrey  et  al. 
1965;  Grimestad  1977).  The  Clark  Fork  River  water  that 
infiltrates  into  the  groundwater  near  Hellgate  Canyon 
apparently  moves  outward  from  the  Clark  Fork  River  and 
eventually  empties  into  the  Bitterroot  River  near  Missoula 
(see  Figure  1.)  or  into  the  Clark  Fork  River  downstream  of 
Kelly    Island     (Geldon    and    Curry    1978;     Geldon     1979). 

The  Clark  Fork  River  has  a  large  influence  on 
groundwater  flow  patterns  in  the  Missoula  Valley  because  the 
valley  is  filled  with  unconsolidated  material  (e.g.  loose 
sand  or  gravel)  that  is  highly  porous.  The  amount  of 
precipitation  percolating  through  the  soil  and  reaching  the 
water  table  varies  seasonally  due  to  evaporation  and  plant 
transpiration.  During  January  and  February,  all  of  the 
precipitation  falling  on  the  valley  may  potentially  reach  the 
water  table.  From  April  to  October,  little  or  no 
precipitation  reaches  the  groundwater  (Geldon  1979)  so  that 
the    groundwater     is    recharged    almost    entirely    by    river    water. 
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Cl  imate 

The  city  of  Missoula  receives  an  average  annual 
precipitation  of  13  inches  (33  cm).  May  and  June  are 
normally  the  wettest  months  and  March  is  the  driest  month. 
The  mountain  peaks  surrounding  the  city  may  receive  up  to  60 
inches     (152    cm)     annually    (Geldon     1979). 

During  the  study  period,  drought  conditions  prevailed 
from  May  through  July  of  1985.  This  drought  was  followed  by 
a  period  of  heavy  precipitation  during  August  and  September 
of    1985. 

The  average  temperature  in  January,  the  coldest  month, 
is  22.7°F  (-5.2°C)  indicating  that  most  of  the  precipitation 
during  this  month  will  be  snow.  In  July,  the  warmest  month, 
the    average     temperature     is    71.8°F     (22.1°C)      (Geldon     1979). 

Seasonal    Variations    of   Water    Qua! i ty    in    the    Clark    Fork    River 

The  Clark  Fork  River  is  a  dyn^m^c  system.  Some 
phy s i oc h e m i c a  1  and  biological  characteristics  change 
unpredictably,  but  other  phys i oche m i ca  1  and  biological 
characteristics  change  temporally  (and  spatially)  in  a 
predictable  manner.  The  interactions  of  climate,  geology, 
and  vegetation  cause  predictable  seasonal  changes  in  the  flow 
of  the  Clark  Fork  River  (Figure  2.).  During  most  of  the  year, 
the  average  flow  of  the  Clark  Fork  River  remains  at  about 
20  0  0    to    30  0  0    cubic    feet    per    second    (cfs)    at    the    USGS    gaging 


» 
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Figure  2.  The  historical  (1930-1979)  mean  monthly  flows  of 
the  Clark  Fork  River  at  the  USGS  gaging  station 
below  Missoula  (Shew  man  et  al.  1984).  The  1985 
(water  year)  mean  monthly  flows  of  the  Clark  Fork 
River  at  the  USGS  gaging  station  below  Missoula 
(provisional    data,    USGS)     are    also    given. 
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station  below  Missoula  (see  Figure  l . )  .  During  the  spring 
freshet,  the  flow  rapidly  increa  ;  to  an  average  of  about 
13,000  cfs.  This  increased  flow  is  caused  by  melting  snow 
and  the  increased  precipitation  which  occurs  during  spring 
and  early  summer.  This  increased  flow  changes  the  water 
quality    characteristics    of    the    Clark    Fork    River. 

During  the  spring  freshet,  the  sediment  load  of  the 
Clark  Fork  River  increases  (USGS  1979,  1980,  1981,  1982). 
This  sediment  is  derived  from  material  originally  eroded  from 
the  watershed  by  1)  sheet,  rill,  and  gully  erosion  due  to 
overland  flow;  2)  mass  wasting  (e.g.  landslides);  and  3) 
river  bank  erosion  (Dunn  and  Leopold  1978;  Simons  et  al. 
1979).  Within  the  river  channel,  however,  the  increased 
erosive  power  of  the  river,  due  to  the  increased  flow  of  the 
spring  freshet,  causes  material  (some  previously  dep^r,'ted  in 
the     river)     to     be     scoured     and     transported     downsi  i     (cf. 

Richards  1982).  Some  of  the  streambed  mate.  5 1  is 
resuspended  and  other  material,  which  cannot  be  resuspended, 
is  pushed  and  rolled  downstream  in  a  material  flow  known  as 
bedload  (Dunne  and  Leopold  1978).  In  addition,  the  Clark 
Fork  River  spills  over  its  usual  banks  and  scours  material 
from  the  inundated  floodplain  (which  is  part  of  the  stream 
channel  during  freshet)  with  the  onset  of  the  spring  runoff. 
These  erosional  processes  cause  the  total  suspended  solids 
(TSS)  concentration,  the  dissolved  organic  carbon  (DOC) 
concentrations,  and  the  total  suspended  organic  carbon 
concentrations     to     increase    with     increasing     flow,     as    has    been 
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noted  in  the  limited  water  quality  data  collected  at  the  USGS 
gaging  station  below  Missoula  (USGS  1979,  1980,  1981,  1982). 
In  contrast,  as  the  river  flow  increases,  alkalinity, 
hardness,  specific  conductance,  and  the  concentrations  of 
nitrate  (NOO,  dissolved  silica  (SiCU),  dissolved  sulfate 
(S04),  dissolved  sodium  (Na) ,  dissolved  magnesium  (Mg), 
dissolved  calcium  (Ca)  ,  and  dissolved  solids  concentrations 
decrease  (USGS  1979,  1980,  1981,  1982)  due  to  dilution.  As 
the  flood  waters  of  the  spring  freshet  recede,  most  of  the 
suspended  solids  are  deposited  on  the  floodplain  and  in  the 
slower    moving    portions    of    the    river. 

Besides  seasonal  variations,  there  are  also  long-term, 
year-to-year  variations  in  water  quality  and  quantity  of  the 
Clark  Fork  River.  Water  quality  problems  that  occur  in  some 
years  may  not  be  present  in  other  years  (e.g.  dewatering  of 
the  river  for  irrigation  purposes  during  droughts).  In 
addition  to  the  seasonal  and  year-to-year  variations 
described  above,  the  water  quality  of  the  Clark  Fork  River 
also    changes    due    to    watershed    disturbances. 


Pi  sturbances    in    the    Clark    For k    River    Watershed 

Extensive  mining  of  copper,  gold,  and  phosphorous  has 
occurred  near  the  headwaters  of  the  Clark  Fork  River. 
Tailings  from  some  of  these  mining  operations  are  in  the 
floodplain  of  the  river.  During  the  spring  freshet,  some  of 
these     tailings    are     eroded    downstream    and    cause     increased 
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concentrations  of  copper  and  other  heavy  metals  in  the  Clark 
Fork  downstream.  Some  of  these  tailings  have  settled  in  the 
reservoir  behind  the  Montana  Power  Company  hydroelectric  dam 
near  Milltown,  Montana  (Bailey  1976).  Heavy  metals  from 
these  sediments  are  apparently  contaminating  the  groundwater 
in  the  Milltown  area  (Woessner  et  al.  1984). 

Nutrients  and  organic  matter  are  added  to  the  Clark  Fork 
River  from  a  variety  of  sources.  Treated  wastewater  is 
discharged  into  the  Clark  Fork  River  by  many  municipalities 
along  the  river.  The  kraft  paper  mill  in  Frenchtown  and  a 
meat-packing  plant  in  Missoula  have  also  added  significant 
contributions  of  nutrients  and  organic  matter  to  the  river 
(USEPA  1974).  Wood  waste,  apparently  from  sawmills  in  Bonner 
and  Missoula  during  the  1950's,  has  been  recorded  in  the 
Clark  Fork  River  (Spindler  1959).  Agricultural  practices  and 
logging  activities  may  also  add  nutrients,  sediments,  and 
organic  matter  to  the  river. 

The  disturbance  of  fire  has  always  occurred  in  the  Clark 
Fork  watershed.  During  the  summer,  hundreds  of  lightning 
strikes  may  occur  in  Montana  within  a  24-hour  period  and  some 
of  these  lightning  strikes  will  cause  fires.  Other  fires  are 
caused  by  people.  Historically,  the  Native  Americans  in  the 
area  intentionally  burned  areas  during  autumn  to  aid  hunting, 
food  plant  production,  and  horse  grazing  (Barrett  1981). 
Contradictory  evidence  exists  about  the  effects  of  wildfire 
on  the  water  quality  of  lakes  and  streams.  Tiedemann  et  al. 
(1978)  found  that  a  wildfire  in  eastern  Washington  state 
increased  nutrient  loadings  to  a  local  stream.   In  Minnesota, 
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however,  wildfire  may  not  impact  the  water  quality  of  local 
lakes  and  streams  because  nutrients  are  immobilized  in  the 
soil  and  by  prolific  post-fire  vegetation  (McColl  and  Grigal 
1977).  Hence,  the  effects  of  fires  that  occurred  during  the 
present  study,  the  Hellgate  Canyon  fire  in  July,  1985  and  a 
fire  at  Ninemile  in  August,  1985,  on  the  water  quality  of  the 
Clark    Fork    River    remain    speculative. 

Other  disturbances  in  the  Clark  Fork  River  watershed 
include  alterations  of  the  river  channel  and  riprapping  river 
banks  due  to  construction  of  Interstate  90  (Weisel  1972), 
and  urbanization.  When  analyzing  the  impact  of  the  kraft 
mill  on  the  Clark  Fork  River,  the  effects  of  these  other 
disturbances    to    water    quality    must    also    be    considered. 

Location    of    S t u id y   Sites 

The  Champion  International  kraft  paper  mill  and  the 
study  sites  are  located  in  the  Missoula  Valley  downstream  of 
the  confluence  of  the  Bitterroot  River  with  the  Clark  Fork 
River  in  western  Montana  (Figure  3.).  The  kraft  mill  is 
located  approximately  24  km  from  Missoula,  near  the  village 
of    Frenchtown. 

To  study  the  impacts  of  the  kraft  mill  on  the  river, 
community  metabolism  measurements  were  taken  at  four  riffle 
sites  in  the  Clark  Fork  River  (Figure  3.).  Two  riffle  sites, 
we  call  Flat  Valley  and  Harper's  Bridge,  were  located 
upstream    of     the    kraft    mill    outfall.       Note,    however,     that    the 
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Figure  3.  Study  sites  on  the  Clark  Fork  River  with  reference 
to  the  kraft  mill  (Champion  International),  Kelly 
Island,  and  the  Missoula  sewage  treatment  plant 
(STP).  The  circles  are  locations  of  the  synoptic 
study  sites.  The  triangle  is  the  location  of  the 
experimental  work.  The  square  is  the  location  of 
a  site  sampled  during  a  special  nitrate  study  (see 
text)  . 


sites  were  located  downstream  of  the  Missoula  sewage 
treatment  plant,  which  adds  secondary  treated  wastewater  to 
the  river.  This  was  done  to  isolate  the  impact  of  the  kraft 
mill  from  the  impact  of  the  sewage  treatment  plant  on  the 
Clark  Fork  River.  The  other  two  riffle  sites,  called  Huson 
and  Ninemile,  were  located  downstream  of  the  mixing  zone  for 
the  kraft  mill  wastewater  as  determined  by  the  Montana 
Department    of    Health     ind    Environmental    Sciences    (Dr.    Loren 
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3ahls,  Montana  Water  Quality  Bureau  (MWQB) ,  pers. 
communication) . 

The  Flat  Valley  site  is  located  3  to  5  km  upstream  from 
Harper's  Bridge.  It  is  accessible  from  the  Big  Flat  Road  on 
the    south    side    of    the    Clark    Fork    River. 

The  Harper's  Bridge  site  is  located  100  to  150  meters 
downstream     from     Harper's    Bridge. 

The  Huson  site  is  located  about  200  to  300  meters 
downstream  from  the  railroad  bridge  crossing  the  Clark  Fork 
River  near  Huson.  Most  of  the  year,  this  site  is  accessible 
only    by    boat    or    canoe. 

The  Ninemile  site  is  located  about  0.5  to  1.0  kilometer 
downstream  from  where  Interstate  90  crosses  the  Clark  Fork 
River  and  about  1.5  to  2.0  kilometers  upstream  from  the 
confluence    of    the    Clark    Fork    River    with    Ninemile    Creek. 

When  comparing  the  dissolved  oxygen  concentrations  of 
their  sampling  sites,  in  the  Clark  Fork  River  below  the  kraft 
mill,  the  Montana  Water  Quality  Bureau  noted  relatively  lower 
dissolved  oxygen  concentrations  at  the  Petty  Creek  Fishing 
Access  during  the  summer  of  1984.  To  obtain  more  information 
about  this  "oxygen  sag",  a  riffle  site  at  the  Petty  Creek 
Fishing  Access  was  chosen  as  an  additional  site  for  the  in 
s i _tu  experimental  studies.  This  riffle  site  is  located  in 
the  Clark  Fork  River  .bout  100  to  200  meters  upstream  of  the 
confluence    of    the    Clark    Fork    River    with    petty    Creek. 
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METHODS    AND    MATERIALS 

Synoptic    Stud  ies 

At  each  of  the  four  sampling  sites  (Figure  3.),  samples 
of  river  bottom  rubble  and  associated  biota  (known  as 
benthos)  were  enclosed  in  4  plexiglass  metabolism  chambers. 
Then,  each  chamber  was  filled  with  river  water  and  submersed 
near  shore.  Four  identical  chambers  were  used  at  each  site 
for  statistical  replication.  Changes  in  dissolved  oxygen 
concentrations  were  then  recorded  over  a  24  hour  (diel) 
period  with  a  YSI  dissolved  oxygen  probe.  During  the  day, 
these  dissolved  oxygen  concentrations  were  recorded  every  15 
to  30  minutes.  During  the  night,  measurements  were  recorded 
only  every  1.0  to  2.0  hours.  The  chambers  were  flushed 
periodically  to  keep  the  temperature  and  dissolved  oxygen 
concentrations  of  the  chambers  within  2°C  and  2.0  ppm  of  the 
ambient  river  temperature  and  dissolved  oxygen 
concentrations,  respectively,  and  to  replenish  nutrients 
which  might  have  been  depleted  during  the  incubation  period. 
After  the  sampling  period,  the  river  water  in  each  chamber 
was  drained  and  the  water  volume  was  recorded.  The  net 
community  primary  productivity  (production  of  organic  matter 
and  oxygen)  was  then  determined  from  the  sum  of  the  positive 
diel  changes  in  oxygen  concentrations  (3ott  et  al.  1978)  and 
converted  to  carbon  units  using  the  equation  in  Table  1.  An 
average    respiration    nte    (mg    CU    hr_1)     was    determined    from    the 
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Table  1.  Equation  used  to  convert  changes  in  dissolved 
oxygen  concentrations  into  production  or  consump- 
tion of  organic  matter  (carbon)  per  area  o£ 
stream    bottom. 


mg       C  mg       CU 


12    mg       C 


3  2    mg       02 


where 


mg 

C 

mg 

°2 

m2 

1 

L 

=     milligrams     of     carbon     produced     or 
consumed    per    day 

=     milligrams     of     dissolved     oxygen 
produced    or    consumed    per    day 

=      square    meter 

1  i  ter 

=  volume  of  river  water  in  chamber 
(  1  iters) 


A  =   pho tosyn the t i c  surface  area  of 
chamber  (  0.  125m2) 


night-time  decreases  of  dissolved  oxygen.  This  respiration 
rate  was  assumed  to  be  constant  throughout  the  diel  period 
(Odum  1956)  so  that  diel  respiration  (R-,4)  was  determined  by 
multiplying  the  respiration  rate  by  24  hours.  Respiration 
during  the  photoperiod  (R„D)  was  determined  by  multiplying 
the  average  respiration  rate  by  the  length  of  the  daylight 
period.  The  units  of  respiration  were  converted  from  mg  02 
to  mg  C  m  *■  day  ising  the  equation  in  Table  1.  Gross 
primary  productivity,  net  daily  metabolism,   and  the  P:R 
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ratios  were  calculated  from  the  respiration  and  net  community 
primary  productivity  measurements  (Naiman  1983)  using  the 
following    equations: 

1)  Gross  primary  production  (GPP)  =  net  community 
primary  production  (NCPP)  +  respiration  during  the 
photoperiod  (Rpp)  •  Gross  primary  production  is  a  measure  of 
how  much  organic  matter  would  be  produced  by  photosynthesis 
if    respiration    was    not    occurring    simultaneously. 

2)  Net    daily    metabolism     (NDM)     =    GPP    -    R?4- 

3)  Photosynthesis/Respiration     (P:R)     ratio    =    GPP/R-.. 

During  the  diel  sampling  period,  several  physical 
variables  of  the  riverine  environment  were  also  measured  to 
determine  their  influence  on  concomitant  community 
metabolism.  Conductivity  and  water  temperature  were  measured 
hourly  with  a  YSI  S-C-T  conductivity  meter.  Stream  velocity 
near  the  point  of  benthos  collection  was  measured  every  four 
to  six  hours  with  a  Weathermeasure  current  meter  or  a 
General    Oceanics    current    meter. 

During  November,  pho tosyn the t i ca 1 1 y  active  radiation 
(400  -  700  nm)  was  recorded  every  15  minutes  at  each  riffle 
site  with  a  Li-Cor  188  light  meter  and  a  quantum  probe.  Due 
to  logistical  problems  with  using  the  Li-Cor  meter,  a  Kalsico 
photometer  was  used  to  record  incident  radiation  every  15 
minutes  at  each  riffle  site  during  April  and  August. 
Unfortunately,  the  Kalsico  photometer  measured  light  energy 
from  a  wider  spectrum  of  wavelengths  than  the  Li-Cor  quantum 
probe    so    that    comparisons    of    light    energy  between   November 


-171- 


and  April  or  August  were  not  possible.  To  determine  daily 
insolation  rates,  the  instantaneous  light  measurements  were 
assumed  to  be  constant  for  the  entire  15  minutes  between 
measurements  and  the  insolations  over  the  15  minute  intervals 
were  summed  for  the  length  of  daylight  (known  as 
photoper  iod)  . 

During  the  August  synoptic  run,  a  series  of  light-dark 
bottle  incubations  were  run  at  each  riffle  site  to  measure 
the  metabolism  of  the  water  column  (APHA  et  al.  1981).  Every 
3  hours,  four  water  samples  were  collected  in  clear  BOD 
bottles  and  two  water  samples  were  collected  in  darkened  BOD 
bottles  using  an  a n t i d i f f us i on  device  (cf.  Hall  1970)  to 
avoid  introducing  bubbles  into  the  BOD  bottles  during 
collection.  The  initial  dissolved  oxygen  (DO)  concentrations 
were  determined  by  immediately  fixing  two  samples  collected 
in  the  clear  BOD  bottles  and  then  analyzing  them  later  by  the 
azide  modification  of  the  Winkler  method  (APHA  et  al.  1981). 
Two  clear  BOD  bottles  and  the  two  darkened  BOD  bottles  were 
placed  on  the  river  bottom  for  3  hours  and  then  were  pulled 
out  of  the  river  and  immediately  fixed  for  later  analysis  of 
dissolved  oxygen  concentration.  The  differences  between  the 
initial  and  final  dissolved  oxygen  concentrations  were  used 
to  estimate  the  metabolism  of  the  community  in  the  water  (vs. 
the    benthos)     as    given     in    Hall    and    Moll     (1975). 
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To  relate  the  riffle  community  metabolism  data  to  the 
water  quality  of  the  Clark  Fork  River,  duplicate  water 
chemistry  samples  were  taken  from  each  riffle  area  on 
November  30,  1984,  and  August  5,  1985.  No  water  chemistry 
samples  were  taken  during  the  April  synoptic  run,  due  to  the 
onset  of  the  spring  freshet.  The  changing  river  chemistry, 
due  to  the  rising  water,  would  have  made  comparisons  to  the 
metabolism    data    of    the    riffle    sites    meaningless. 

The  water  samples  were  analyzed  at  the  Flathead  Lake 
Biological  Station  for  the  water  chemistry  variables  listed 
in  Table  2.  Most  of  the  water  chemistry  variables  were 
analyzed  following  the  Environmental  protection  Agency's 
NPDES  approved  procedures  (USEPA  1983)  as  specified  in  Table 
2.  Dissolved  organic  carbon  and  particulate  organic  carbon 
were  analyzed  by  an  Oceanography  International  Corp.  Total 
Carbon  System  (TCS)  following  procedures  suggested  by  Menzel 
and  Vaccaro  (1964).  Nitrate,  nitrite,  chloride,  and  sulfate 
were  analyzed  simultaneously  using  a  Dionex  Ion  Chroma  tog raph 
16    (IC)    (Dionex   Corp.    1979;    Rawa    1979). 


Experimental     Program:  Effect     of     D_^l_u^e(^     Kraft     Mill 

Wastewater    on    BenthTc    Riffle    Community    Metabolism 


To  assess  the  acute  impact  of  the  kraft  mill  wastewater 
on  the  metabolism  of  the  Clark  Fork  River  riffle  communities, 
an     in     situ     chamber     experiment     (i.e.     experiments     which 
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Table  2.   Methods  for  the  measurement  of  water  chemistry 
variables.   Source:  USEPA  1983. 


Var  iabl es 


Turbid  i  ty 


Hardness 

Calcium    (Ca) 
Magnesium  (Mg) 

Soluble  Reactive  phosphorus  (PO.-P) 

Total  Phosphorus  (TP) 

Ammonia  (NH-^-N) 

Total  Kjeldahl  Nitrogen  (TKN) 

Nitrate  (NCU-N)  and  nitrite  (N02-N) 

Dissolved  silica  (Si02) 

Chloride  (Cl) 

Sulfate  (S04-S) 

Dissolved  organic  carbon  (DOC) 

Particulate  organic  carbon  (POC) 

Alkalinity 

Sodium    (Na) 


Methods 
EPA    180.1 

EPA    215.  1 
EPA    242.1 

EPA    365.3 

EPA    365.3 

EPA    350.2 

EPA    351.3 

IC1 
EPA    370.1 

IC1 

IC1 

TCS2 

TCS2 

EPA    310.1 

EPA    273.2 


1       IC    refers    to    the    Dionex    Ion    Chroma  tog raph    16. 

TCS     refers    to     the    Oceanography    International    Total    Carbon 
System. 


occurred     in     the     Clark     Fork     River)     and     a     water     column 
metabolism      experiment     were     developed.  The      kraft      mill 

wastewater    used    in    the    experiment    was   collected    from    the    last 
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holding     pond     (Pond     13A)     before    the    wastewater     was    discharged 
directly    into    the    Clark    Fork    River. 

In  the  chamber  experiment,  samples  of  Clark  Fork  River 
benthos  were  collected  from  the  riffle  area  at  the  petty 
Creek  Fishing  Access  and  were  enclosed  in  six  metabolism 
chambers.  Instead  of  filling  the  chambers  with  river  water, 
as  in  the  synoptic  studies,  diluted  kraft  mill  wastewater  was 
introduced  into  the  chambers  through  the  port  for  the 
dissolved  oxygen  probe  via  a  special  delivery  system.  Using 
this  modification,  three  chambers  were  dosed  with  Clark  Fork 
River  water  (the  control)  and  three  chambers  were  dosed  with 
a  1:1  mixture  of  kraft  mill  wastewater  and  river  water  (the 
treatment).  Dissolved  oxygen  concentrations  in  the  chambers 
were  recorded  over  a  24-hour  period  in  a  manner  similar  to 
that  used  in  the  synoptic  studies,  except  that  in  this  case, 
the  metabolism  chambers  were  periodically  flushed  with  the 
appropriate  treatment  rather  than  with  river  water.  During 
the  experiment,  incident  radiation  was  recorded  every  15 
minutes    with    a    Kalsico    photometer. 


Wastewater    on    Water    Column    (vs    Benthic)     Metabol.o.Ti 


To  assess  the  influence  of  different  concentrations  of 
the  kraft  mill  wastewater  on  metabolism  of  the  river  water 
column,  a  series  of  light- dark  bottle  incubations  were 
conducted  with  three  mixtures  (1:1,  1:20,  l:200--parts 
wastewaters  arts     river     water)     of     kraft     mill     wastewater     and 
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Clark  Fork  River  water  collected  at  the  Petty  Creek  Fishing 
Access  (the  treatments).  Similarly,  Clark  Fork  River  water 
collected  at  the  Petty  Creek  Fishing  Access  were  also 
incubated  as  a  control.  For  each  of  the  three  treatments  and 
the  control,  light-dark  bottle  incubations  were  conducted  as 
described  previously,  except  this  time,  the  dissolved  oxygen 
concentrations  of  the  solutions  in  the  BOD  bottles  were 
determined  with  a  YSI  dissolved  oxygen  probe  while  the 
samples  were  mixed  with  a  stir  bar.  Before  recording 
dissolved  oxygen  concentrations,  the  YSI  dissolved  oxygen 
probe  was  standardized  against  a  dissolved  oxygen  value 
measured  by  the  Winkler  method  (APHA  1981).  The  incubations 
for    all    treatments    occurred    simultaneously. 

The  metabolism  variables  were  estimated  from  the  changes 
in  dissolved  oxygen  concentrations  as  previously  described. 
Diel  respiration  was  assumed  to  be  due  solely  to  the 
decomposition  of  organic  matter  contained  in  the  kraft  mill 
wastewater . 


RESULTS    AND    DISCUSSION 

Seasonal    Changes    in    Metabolic    Rates 

Significant  (p  <<  0.001)  seasonal  variations  in  these 
riffle  community  metabolism  variables  were  noted  for  the 
Clark    Fork    River    (Tables    3.    and    4  . )  .      Net    community    primary 
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productivity  (NCPP)  increased  3X  to  6X  from  November  to 
August  (Figure  4.).  The  variability  among  net  community 
primary  productivity  measurements  recorded  at  the  same  riffle 
sites  also  increased  from  November  to  August  (note  the 
standard  deviations  in  Table  3.).  This  situation,  common  in 
growth  measurement  studies,  caused  problems  in  satisfying  the 
basic  assumptions  of  statistical  analyses.  These  problems 
were  resolved  by  transforming  the  data  to  common  logarithms 
before  statistical  analysis  (Sokal  and  Rolhf  1969).  Gross 
primary  productivity  (GPP)  followed  the  same  trends  as  net 
community  primary  productivity  (Figure  5.),  indicating  the 
importance  of  autochthonous  inputs  of  energy  to  the  energy 
budget  of  the  Clark  Fork  River.  The  seasonal  increases  in 
net  community  primary  productivity  and  gross  primary 
productivity  were  pt  )bably  due  to  the  seasonal  increases  in 


Table  4.  Multiple  comparisons  among  seasons  of  the  community 
metabolism  variables  pooled  for  all  sites  using  the 
Student-Newman-Keuls  test  (Sokal  and  Rohlf  1969). 
Respiration  (R^.)  data  are  means  (mg  C  m-2  d  a  y  ~  ^  )  . 
Net  community  primary  productivity  (NCPP)  and  gross 
primary  productivity  (GPP)  data  are  means  after 
logarithmic  transformations.  These  means  are  all 
significantly     (p    <     0.05)     different. 


Log     (NCPP) 


3.2656 

Aug  . 


2.940! 
Apr  . 


2.6462 

Nov. 


24 


1201 
Aug 


810 
Nov  . 


540 
Apr  . 


Log     (GPP) 


3.414 
Aug  . 


3.0755 
Apr  . 


2.8556 
Nov. 


the  photoperiod  (Table  5.)  -and  in  stream  temperatures  (Table 
6.).  The  general  decreases  in  stream  velocity  (Table  7.) 
from  Nove. Tiber  to  August,  measured  in  the  areas  where  the 
benthos  samples  were  btained,  might  have  also  influenced  the 
primary    productivity    :   ites    (of.    Whitford    and    Schumacher    1961; 
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Figure  4.  Net  community  primary  productivity  observed  at  e 
four  sites  where  synoptic  metabolism  studies  w.e 
conducted     (see    Figure    3.) . 


Horner    and    Welch     1981;     Nowell     and    Jumars     1984),     but    a    c  -r 

comparison  of  the  measured  stream  velocities  to  the 
corresponding  primary  productivity  rates  (Table  3.)  indicated 
that  these  influences  were  secondary  to  the  influences  of 
photoperiod    and    stream    temperatures    on    primary    productivity. 

Diel  respiration  (R-,.)  decreased  from  November  to  April, 
but  then  increased  in  August  2  X  to  3 X  the  diel  respiration  in 
April       (Figure      f,  . )  .  Unlike      the      primary      productivity 

measurements,  the  variability  among  diel  respiration 
measurements    did    not     increase    as    the    means     increased,     so 
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Figure  5.  Gross  primary  productivity  observed  at  the  four 
sites  where  synoptic  metabolism  studies  were 
conducted     (see    Figure    3.). 


these  data  were  not  transformed  before  conducting  tests  of 
significance.  The  decrease  in  diel  metabolism  from  November 
to  April  was  probably  due  to  decomposition  of  organic  matter 
during  autumn  and  winter;  scouring  of  the  river  bottom  by  ice 
during  winter  (cf.  Hynes  1970);  and  scouring  by  moving  rock 
material  (bedload)  during  the  onset  of  the  spring  freshet. 
The  increase  in  diel  respiration  noted  from  April  to  August 
was  probably  due  to  the  accumulation  of  organic  matter, 
primarily  from  algal  photosynthesis,  and  the  increase  in 
stream    temperatures. 
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Table  5.   Comparison  of  photoperiod  (hours)  measured  in  the       A 
field  during  the  synoptic  studies. 


Date 


Flat 
Valley 


Harper ■ s 
Bridge 


Huson 


Nine- 
mile 


Nov  . 
Apr  . 
Aug  . 


8.5 

9.0 

9.5 

9.75 

15.0 

13.75 

14.0 

14.75 

14.75 

15.25 

14.75 

14.25 

Table  6.   Comparison  of  the  means  of  stream  temperatures  (°C) 
measured   in  the  field  during  the  synoptic 
studies.   Ranges  are  given  in  parentheses. 


Date 


Flat 
Valley 


Harper ' s 
Br  idge 


Huson 


Nine- 
mile 


Nov.  1984        2.6  2.5  1.6  3.2 

(2.0-3.7)     (1.6-3.4)    (1.0-2.5)    (2.5-3.9! 


Apr.  1985       12.3          10.9  10.0  8.3 

(11.1-13.5)  (10.1-12.4)  (8.3-11.5)  (7.4-10.3) 

Aug.  1985       16.2          18.0  16.0  18.3 

(13.9-18.4)  (16.1-19.8)  (14.3-17.7)  (15.3-22.2) 
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Table  7.  Comparison  of  mean  stream  velocities  (cm  sec-1) 
measured  in  the  field  during  the  synoptic 
studies.       Ranges    are    given    in    parentheses. 


Date 


Flat 
Valley 


Harper ' s 
Bridge 


Huson 


Nine- 
mile 


Nov  . 
Apr  . 
Aug  . 


114 
(104-125 

50 
(32-68) 

34 
(13-64) 


87 

(67 

-97) 

50 

(35 

-67) 

12 

(5 

-21) 

97  62 

(59-131)  (26-101) 

60  14 

(41-74)  (8-20) 

36  33 

(23-48)  (24-42) 


Note    that    the    diel    respiration    at    Flat    Valley   did    not 
decrease     from     November     to     April.  The     November     set     of 

metabolism  measurements  at  Flat  Valley  was  not  included  in 
the  tests  of  significance  because  the  volumes  of  river  water 
used  in  the  metabolism  chambers  were  not  recorded.  previous 
work  with  metabolism  chambers  at  the  Biological  Station  had 
indicated  that  the  variation  in  water  volume  within  the 
chambers  was  negligible  and  did  not  affect  the  interpretation 
of  metabolism  results.  After  the  Flat  Valley  metabolism  data 
-•ere  collected,  it  was  suspected  that  the  variation  in  water 
volume  might  be  important  to  this  study  so  the  water  volumes 
were  recorded  for  the  rest  of  the  study.  An  average  water 
volume  was  calculated  from  the  recorded  water  volumes  of 
chambers    at    the    other    sites    during    November    and    this    average 
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Diel  respiration  observed  at  the  four  sites  where 
synoptic  metabolism  studies  were  conducted  (see 
Figure    3. ) . 


was  used  to  obtain  the  metabolism  values  at  Flat  Valley 
during  November.  This  average  might  have  underestimated  the 
true  productivity  and  respiration  rates  for  Flat  Valley 
during  November.  The  P:R  ratio,  which  was  not  dependent  upon 
the  water  volume  within  the  chambers,  was  a  true  independent 
metabolism    measurement    for    Flat    Valley. 

Negative  net  daily  metabolism  values  and  the  P:R  ratios 
indicated  a  predominance  of  respiration  over  primary 
productivity  during  November  at  all  sites  except  Flat  Valley 
(Table  3.)-  In  contrast,  during  April  and  August,  primary 
productivity  dominated  respiration.  These  metabolism 
variables    indicated    that    during    spring    and    summer,     the    riffle 
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sites  were  accumulating  organic  matter  due  to  algal 
photosynthesis,  but  during  autumn  and  winter,  the  riffle 
sites    were    losing    organic    matter. 

The  observed  seasonal  changes  were  comparable  to  the 
seasonal  changes  observed  in  an  Idaho  river  (Minshall  et  al. 
1983),  but  the  magnitude  of  productivity  and  respiration  were 
higher  in  the  Clark  Fork  River  than  that  observed  in  the 
Idaho  river.  One  reason  for  this  difference  was  that 
Minshall  et  al.  (1983)  reported  estimates  for  the  metabolism 
of  the  total  benthic  community  whereas  the  values  reported 
within  this  study  were  confined  only  to  the  riffle  areas  of 
the  Clark  Fork  River.  However,  the  high  nitrogen  and 
phosphorus  concentrations  of  the  Clark  Fork  River  probably 
supported  (and  still  support)  a  much  higher  primary 
productivity    than    most    western    U.S.    rivers. 

Trends  in  the  community  metabolism  variables  changed 
seasonally  among  the  four  riffle  sites  (Figures  4.  -  6.) 
During  November,  there  was  no  significant  (p  >  0.05) 
difference  among  riffle  sites  in  net  community  primary 
productivity  (NCPP) ,  in  gross  primary  productivity  (GPP),  or 
in    diel     respiration     (R_.). 

During  April,  Flat  Valley  had  a  significantly  (p  <  0.05) 
higher  NCPP,  GPP,  ^nd  R  _ .  than  the  other  three  sites  (Table 
9.).  Harper's  Bridge  had  a  significantly  (p  <  0.05)  greater 
diel  respiration  than  the  sites  downstream  of  the  kraft  mill, 
but  the  diel  respiration  was  significantly  (p  <  0.05)  less 
than    Flat    valley. 
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Table  8.  Multiple  comparisons  among  riffle  sites  of  the 
community  metabolism  variables  during  April, 
1985,  using  the  S t ud e n t- N e w m a n- Ke u 1 s  test. 
Respiration  (R24)  data  are  means  (mg  m-2  day-1). 
Net  coram un i typr i ma ry  productivity  (NCPP)  and 
gross  primary  productivity  (GPP)  are  means  after 
logarithmic  transformation.  Underlined  means  are 
not    significantly    (p   >    0.05)    different. 


Log     (NCPP) 


■24 


Flat 

Nine- 

Harper ' s 

Valley 

mile 

Huson 

Br  idge 

3.1322 

2.9972 

2.9185 

2.9042 

Flat 
Valley 

950 


Harper ' s 
Br  idge 

740 


Nine- 
mi  le 

500 


Huson 


380 


Log     (GPP) 


Flat 
Valley 

3.2915 

Nine- 
mi  le 

3.  1157 

Harper ' s 
Br  idge 

3.0890 

Huson 
3.0217 

During  August,  the  NCPP  and  GPP  were  significantly  (p  < 
0.05)  less  at  Ninemile  than  the  other  three  riffle  sites 
(Table    9.).       Diel     respiration    was    significantly     (p    <     0.0  5) 
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Table.  9.  Multiple  comparisons  among  riffle  sites  of 
community  metabolism  variables  during  August, 
1985,      using     the     Student- Newman-Keuls     test. 


Respiration     (R54)     data    are    means     (mg    m 
day-1) . 


-2 


Net  community  primary  productivity 
(NCPP)  and  gross  primary  productivity  (GPP)  are 
means  after  logarithmic  transformation. 
Underlined  means  are  not  significantly  (p  > 
0.05)    d  i  f  f  erent. 


Log     (NCPP) 


■24 


Log     (GPP) 


Flat 

Harper ' s 

Nine- 

Valley 

Huson 

Br  idge 

mile 

3.3992 

3.3647 

3. 2730 

3.  159 

Flat 

Harper ' s 

Nine- 

Val  ley 

Br  idge 

mile 

Huson 

1570 

1300 

1170 

1140 

Flat 

Ha  rper ' s 

Nine- 

Val  ley 

Huson 

Bridge 

mile 

3.5414 

3.4782 

3.4337 

3.330 
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greater  at  Flat  Valley  than  the  other  three  riffle  sites.  The 
GPP  at  Huson  was  not  significantly  (p  >  0.35)  different  from 
Flat  Valley  or  Harper's  Bridge,  but  GPP  at  Flat  Valley  was 
significantly  (p  <  0.05)  greater  than  at  Harper's  Bridge. 
The  NCPP  at  Harper's  Bridge  might  have  been  underestimated, 
in  part,  because  a  short  afternoon  thunderstorm  occurred 
during  metabolism  measurements.  This  caused  a  brief  light 
limitation  (Table  10.),  which  decreased  primary  productivity. 
The  weather  was  clear  during  metabolism  measurements  at  the 
other    riffle    sites    during    August. 

During  November  and  April,  however,  no  correlations  were 
found  between  the  metabolism  variables  and  daily  incident 
radiation  or  oho tosyn the t ical 1 y  active  radiation.  The  lack 
of  correlation  during  November  might  be  due  to  the  very  cold 
temperatures  restricting  primary  productivity.  During  April, 
the  dynamic  water  quality  characteristics  of  the  river  during 
the  onset  of  the  spring  freshet  might  have  obscured  the 
influence    of    daily    insolation    on    primary    productivity. 

In  addition,  no  jeneral  correlations  were  found  between 
the  metabolism  variables  and  specific  conductance  with  one 
exception.  During  April  and  August,  the  Flat  Valley  site  had 
the  lowest  conductivity  (Table  11.)  and  the  greatest 
metabolic    rates. 
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Table      10. 


Comparison  of  daily  insolation  rates  of 
pho t o s y n t h e t i c a  1 1 y  active  radiation  (PAR) 
(ein steins  m"  day"  )  and  incident  radiation 
(X10b  joules  m~  day  )  measured  in  the  field 
during  the  synoptic  studies.  Concurrent 
weather  conditions  are  also  given:  Clear  (C)  , 
Mostly  Clear  (MC)1,  Partly  Cloudy  (PC)2,  and 
Overcast  (OC)  .  Changing  weather  conditions 
are  indicated  with  a  double  entry  for  the 
affected     riffle     site. 


Var  i  able 


Date 


Flat 
Val  ley 


Harper ' s 
Br  idge 


Huson 


Nine- 
mile 


Daily 

Insola t  ion 

Nov  . 

13.3 

8.  10 

6.52 

8.44 

of  PAR 

Dai  1  y 

Insolation 

Apr  . 

13.3 

7.61 

14.5 

11.5 

of  Inc ident 

Aug  . 

13.9 

11.7 

14.3 

12.7 

Rad  iat  ion 

Weather 

Nov  . 

C-OC 

PC-OC 

OC 

C-OC 

Cond  i  t  ions 

Apr  . 

C-PC 

PC-OC 

MC 

PC-OC 

Aug  . 

MC 

C 

C 

C 

Cloud  cover  <    25%. 

2      Cloud  cover  25    -    75' 

i 

Cloud  cover  >    75%. 


Impacts    of    the    Kraft     M  ill    on    Riffle    Conmuni  ty    Metabol ism    of 
the    Clark    Fork    River        "  "  '        ' 


Since  there  ,.■  :  jenerally  no  significant  difference  in 
N  C  P  P ,  GPP,  or  R  -.  ,  'tween  riffle  sites  located  above  the 
k  r  a  f  t     mill      and     I  riffle     sites    downstream    of     the     mill, 
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Table  11.  Comparison  of  mean  specific  conductances  (umhos 
cm-2)  measured  in  the  field  during  the 
synoptic  studies.  Conductivity  values  have 
been  standardized  to  25°C.  Ranges  are  given 
in     parentheses. 


Date 


Flat 
Val ley 


Harper ' s 
Br  idge 


Huson 


Nine- 
mile 


Nov  . 


234 
(226-240) 


262 
254-269) 


261 
(255-270) 


256 
(252-260) 


Apr  . 
Aug  . 


164 

(154-170) 

239 
(232-248) 


214 

(199-222) 

248 
(222-257) 


179 

(144-189) 

247 
(231-250) 


196 

(186-200) 

271 
(264-278) 


Table  12.  Rate  of  wastewater  direct  discharge  by  kraft  mill 
and  flow  of  Clark  Fork  River  at  the  U.S.G.S. 
station  below  Missoula  during  sampling  of  riffle 
sites     in     August. 


parameter 


Flat 
Valley 


Harper ' s 
Br  idge 


Huson 


Nine- 
mile 


Kraft    Mill 

Wastewa ter 

Direct    Discharge 
_  i  ^ 

sec    x ) 


(ft3  ™-l 


0.0 


3.  1 


3.3 


0.0 


Clark  Fork  River 
Flow  at  U.S.G.S. 
Station  below 
Missoula 
(ft3  sec-1) 


139  3 


2528 


2708 


1947 
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neither  a  nutrient  impact  nor  a  toxic  impact  on  riffle 
community  metabolism  was  detected  due  to  the  addition  of 
kraft    mill    wastewater    to    the    Clark    Fork    River. 

During  August,  no  water  column  metabolism  was  detected 
at  any  of  the  synoptic  study  riffle  sites.  The  kraft  mill 
was  not  direct  discharging  wastewater  during  some  of  these 
measurements  (Table  12.),  but  even  when  direct  discharging 
did  occur,  no  water  column  metabolism  was  detected.  This  low 
letabolism  of  the  water  column  was  substantiated  by  the  low 
30D5  and  COD  (chemical  oxygen  demand)  concentrations  measured 
by  the  Montana  Water  Quality  Bureau  (unpublished  data,  MWQ3) 
for  most  of  these  sites  (Flat  Valley  was  not  sampled  by  the 
Water  Quality  Bureau)  during  July  29-30,  1985.  The  B0D5  and 
COD  concentrations  at  these  sites  were  also  low  during  other 
periods  of  the  year.  These  results  suggested  that  the 
changes  of  dissolved  oxygen  observed  in  the  Clark  Fork  River 
were  due  to  benthic  metabolism  processes  and  were  not  due  to 
oxygen  demands  of  suspended  organic  matter  or  dissolved 
organic  matter  in  the  river  water.  Hence,  decomposition  of 
the  dissolved  organic  carbon  (DOC)  and  particulate  organic 
carbon  ( p 0 C )  of  the  wastewaters  from  the  kraft  mill  or  the 
Missoula  sewage  treatment  plant  were  not  directly  depressing 
dissolved  oxygen  concentrations  of  the  river  water  at  these 
riffle     sites. 

Analysis  of  the  chemical  characteristics  of  the  kraft 
mill  wastewater  (Table  13.)  indicated  that  the  elevated 
concentrations     of     soluble     reactive     phosphorus,      total 


:  •  i- 


Table       13.  Comparison       of       krjft       mill       wastewater 

characteristics  before  secondary  treatment 
and  after  secondary  treatment  of  wastewater. 
Data  for  kraft  mill  wastewater  before" 
secondary  treatment  taken  from  the  Final 
Environmental  Impact  Statement  for  the 
proposed  Expansion  of  the  Ho e r ne r - Wa 1  do r f 
Pulp  and  Paper  Mill  at  Missoula,  Montana 
(DHES         1974).  Data      for      kraft      mill 

wastewater  after  secondary  treatment  are 
means  of  duplicate  samples  collected 
on    September      3,     1985. 


Par  ameter 


Before 

Secondary    Treatment 

(1971) 


After 
Secondary   Treatment 
(1985) 


Turbldl ty 

(NTU) 

Hardness 

[rag 

CaCOj    l"1) 

Ca 
(mg 

I"1) 

*9 
(<og 

I'1) 

po4- 

(og 

V, 

TP 
(og 

I"1) 

N03 

(rag 

\-?? 

NH3- 

(mg 

N 

l"1) 

TKN 

(mg 

l"1) 

412    (t.u.) 


S10. 
(og 

Cl 

(mg 


(og 


(n>g 

Alkal 
(rag 


ni  ty 

CaCO, 


1    x) 


0.3 


0.4    +    0.1 


Total    Organic    Carbon 
(mg       l"1) 


216 
52 

543 


40 

141 
261 

623 

682 
^c2 


1  value   obtained    from   a   sample   collected   on   a    different   day 

(Nov.  7,  1985).  Comparisons  of  the  original  TKN  value 
to  other  data  (unpublished  data,  MWQB)  indicated  that 
the    original     TKN    value    was    abnormally    low. 

2  estimated    by    summing     DOC    and    POC. 
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phosphorus,  and  ammonia  of  the  wastewater  might  have 
increased  the  metabolic  rates  of  the  riffle  communities 
downstream  of  the  kraft  mill,  but  trends  in  the  ambient 
concentrations  of  these  inorganic  nutrients  (see  Table  14.) 
and  the  consistently  enhanced  metabolic  rates  of  the  Flat 
Valley  riffle  site  indicated  that  either  the  addition  of 
kraft  mill  wastewater  was  not  having  a  significant  impact  on 
riffle  community  metabolism  downstream  of  the  mixing  zone  or 
that  the  impact  was  being  "masked"  by  elevated  concentrations 
of    nutrients    due    to    a    source    upstream    of    the    kraft    mill. 

Other    Sources    o_f    Nutrients 

Comparison  of  the  water  chemistry  data  among  the  riffle 
sites  during  August  (see  Table  14.)  indicates  that  soluble 
aactive  phosphorus  and  nitrate  concentrations  decreased  from 
the  upstream  riffle  sites  to  the  downstream  riffle  sites. 
When  these  nutrient  concentrations  were  compared  to  community 
metabolism  variables,  suspiciously  high  correlations  were 
obtained  between  soluble  reactive  phosphorus  concentrations 
and  NCPP  (r  =  0.71),  GPP  (r  =  0.82),  and  R24  (r  =  0.93) 
(Figure  7.).  A  similar  relationship  existed  between  nitrate 
concentrations  and  NCPP  (r  =  0.60),  GPP  (r  =  0.73)  and  R24  (r 
=  3.88)(Figure  8.).  These  correlations  were  not  significant, 
however,  possibly  because  of  the  limited  amount  of  data 
available  ( n  =  4 ) .  (Note:  when  graphing  and  determining 
correlations  between  nitrate  concentrations  and  the  community 
metabolism    variables,     the    detection    limit    (0.01    mg    NO-^-N    1       ) 
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Table    14. 


Comparison  of  water  chemistry  variables  determined 
during  this  study.  Data  are  means  of  duplicate 
sarapl es.  r 


— — — 

— 

Parameter 

Date 

Flat 
Valley 

Harper' s 
Bridge 

Huson 

Nine- 
mile 

Turbidity 
(NTU) 

Nov. 
Aug  . 

0.61 
1.9 

0.65 
2.3 

0.83 
3.1 

0.80 
3.6 

Hardness 
(rag   CaCOj 

Nov. 

Aug  . 
I'1) 

125 
122 

132 

123 

136 
125 

133 
128 

Ca 

Nov. 

Aug  . 

35.2 
33.5 

36.9 
33.5 

38.0 
34.2 

37.3 
35.1 

(rag  i  i) 

Nov. 
Aug . 

9.1 
9.2 

9.6 
9.6 

9.9 
9.6 

9.6 
9.9 

P04"P   i 
(rag   1"1) 

Nov. 
Aug  . 

0.019 
0.016 

0.016 
0.013 

0.017 

0.010 

0.  012 
0.  008 

TP 

(rag   1"1) 

NOV. 

Aug  . 

0.036 
0.042 

0.034 

0.040 

0.036 
0.041 

0.031 
0.045 

N03-N* 
(rag   1-1) 

Nov. 

Aug . 

0.05 
0.06 

0.05 
0.05 

0.05 
0.02 

0.04 

<0.01 

NH3-N 

(rag   1-1) 

Nov. 

Aug  . 

0.011 
0.010 

0.012 
0.010 

<0.005 

0.009 

<0.005 
0.006 

TKN 

(rag   l"1) 

Nov. 

Aug  . 

0.144 
0.223 

0.  139 
0.213 

0.137 
0.252 

0.143 

0.293 

SiO, 

(rag   l"1) 

Nov. 

Aug  . 

13.6 
14.5 

13.1 
14.2 

13.5 
13.8 

13.3 
13.2 

CI 

(rag   1_1) 

Nov  . 
Aug  . 

2.2 
2.1 

2.4 
2.3 

3.3 
2.8 

3.2 

2.8 

so.-s 

(rag   1"1) 

Nov  . 

Aug  . 

8.94 
5.54 

9.74 
5.65 

10.  24 
6.25 

10.26 
6.20 

Na 

(rag   1*1) 

Nov. 

Aug  . 

7.3 
6.7 

7.3 
6.7 

10.4 
8.5 

9.9 

°.4 

Alkal inity 

Nov. 

111 

114 

118 

117 

Aug  . 

121 

123 

128 

130 

(mg   CaCO,  1 

-1) 

DOC 

(rag   l"1) 

Nov. 

1.1 

1.5 

1.4 

1.4 

Aug  . 

2.8 

2.2 

2.4 

2.3 

POC 

(rag   l"1) 

Nov. 

0.4 

0.3 

0.4 

0.5 

Aug  . 

0.7 

0.8 

1.1 

1.2 

nitrite     (NO,)     was    always    below     the    detection    limit    (<0.1    mg 


N0,-N) 
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Figure     7 
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Comparison  of  soluble  reactive  phosphorus 
concentrations  (ug  PO^-P  l"1)  with  metabolism 
variables  (gr  C  m-2  day  )  measured  during  the 
August,    1985    synoptic    studies. 


was  plotted  for  those  data  which  were  below  the  detection 
limit).  These  relationships  implied  that  the  enhanced 
metabolic  rates  observed  at  Flat  Valley  were  due  to  elevated 
concentrations  of  soluble  reactive  phosphorus  and  nitrate; 
and,  the  low  metabolic  rates  observed  at  Ninemile  were  due  to 
correspondingly  low  concentrations  of  these  inorganic 
nutrients. 

Comparisons   of    the    river   Total    Kjeldahl    Nitrogen    (TKN) 
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Figure    8, 


m|    Nltrrte  (NOj-N) 


i-l 


romparison  of  nitrate  concentrations  (mg  NO-^-N 
1"  )  with  metabolism  variables  (gr  C  m-^ 
day-1)  measured  during  the  August,  1985, 
synoptic     studies. 


concentrations  (an  indicator  of  organic  nutrients)  (Table 
14.)  with  the  results  of  the  synoptic  studies  (Table  3.) 
suggested  no  dominating  relationships  of  TKN  concentrations 
with  riffle  community  metabolism.  Indeed,  during  August  the 
significantly  (p  <  0.05)  reduced  net  community  primary 
productivity  of  the  Ninemile  riffle  community  suggested  that 
productivity  was  nutrient  limited  in  spite  of  having  the 
highest    TKN    concentration    of    all     the     riffle    sites. 

To     assess     what     sources     of     nutrients     might    have     been 
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Figure  9.  Downstream  trends  in  soluble  reactive  phosphorus 
concentrations  ( ug  PO.-p  l-1)  in  the  Clark  Fork 
River--from  the  Clark  Fork  River  above  Missoula 
to  the  Petty  Creek  Fishing  Access.  Soluble 
reactive  phosphorus  concentrations  of  the 
wastewater  from  the  Missoula  sewage  treatment 
plant  (STP),  the  Bitterroot  River,  and  the 
wastewater  from  the  kraft  mill  are  included. 
Data  are  from  the  Montana  Water  Quality  Bureau 
(MWQB,  unpubl.).  Data  are  plotted  on  a 
logarithmic    scale. 


impacting  riffle  community  metabolism  of  the  Clark  Fork 
River,  the  water  quality  data  of  this  study  was  supplemented 
by  water  quality  data  taken  on  the  Clark  Fork  River  during 
1934  and  1985  by  the  Montana  Water  Quality  Bureau 
(unpublished    data,     MWQB). 

In  past  studies  (Spindler  1959;  USEPA  1974),  the 
Missoula  sewage  treatment  plant  was  implicated  as  a  major 
source  of  nutrients  upstream  of  the  kraft  mill.  Data 
collected    during    this    study    did    indicate    that    the    wastewater 
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Figure  10.  Dow.  stream  trends  in  nitrate  concentrations  (mg 
NCK-N  1_1)  in  the  Clark  Fork  River — from  the 
ClarK  Fork  River  above  Missoula  to  the  petty 
Creek  Fishing  Access.  Nitrate  concentrations 
of  the  wastewater  from  the  Missoula  sewage 
treatment  (STP),  the  Bitter  root  River,  and  he 
wastewater  from  the  k  r  a  f  t  mill  are  i  n  c  1  u :;  d  . 
Data  are  from  the  Montana  Water  Quality  Bu;  au 
(MWQB,     unpubl  .)  . 


from  the  sewage  treatment  plant  contained  elevated 
concentrations  of  soluble  reactive  phosphorus  (Figure  9.), 
nitrates  (Figure  10.),  and  ammonia  (Figure  11.).  But  a 
closer  examination  of  the  trends  in  soluble  reactive 
phosphorus  presen"  -d  in  Figure  9.  indicated  that  during  May 
the  Clark  Fork  R  i  v  -  r  :  r  j  v  e  (:  h  e  s  e  w  age  treatment  plant  h  a  d 
elevated  concentrati  ins  of  soluble  reactive  phosphorus  from  a 
nutrient  source  ' • .  '  :  = ~  of  the  sewage  treatment  plant. 
During     the     onset      >f     i  he      spring     freshet,     sediment-phosphorus 


-197- 


^   on    r** 


DCWHITIU*      E^ 


Figure  11.  Downstream  trends  in  ammonia  concentrations  (ug 
NH3-N  l-1)  in  the  Clark  Fork  River — from  the 
Clark  Fork  River  above  Missoula  to  the  Petty 
Creek  Fishing  Access.  Ammonia  concentrations  of 
the  wastewater  from  the  Missoula  sewage 
treatment  plant  (STP)  ,  the  Bitterroot  River,  and 
the  wastewater  from  the  kraft  mill  are  included. 
Data  are  from  the  Montana  Water  Quality  Bureau 
(MWQB,       unpubl.).  Data      are      plotted      on      a 

logarithmic    scale. 


kinetics  of  the  increased  sediment  load  in  the  river  probably 
caused  the  concentrations  of  soluble  reactive  phosphorus  to 
also    increase    (Casey    and     Farr     1982;     Logan     1982). 

A  closer  examination  of  the  nitrate  trends  (Figure  10.), 
revealed  that  the  nitrate  concentrations  in  the  Clark  Fork 
River  increased  below  the  confluence  with  the  Bitterroot 
River,  remained  elevated  throughout  the  Missoula  valley,  but 
then     decreased     at     the     point     where     the     river     leaves     the 


Missoula  Valley.  Although  mineralization  of  the  elevated 
ammonia  concentrations  from  the  sewage  treatment  plant 
wastewater  or  the  kraft  mill  wastewater  might  have  kept  these 
nitrate  concentrations  elevated  throughout  the  study  area, 
the  elevated  nitrate  concentrations  of  the  Bitterroot  River 
suggested  that  other  factors  were  involved.  Based  on 
descriptions  of  groundwater  movement  in  the  area,  we 
hypothesized  that  inflowing  groundwaters  could  contain  enough 
nitrate  to  subsidize  the  nitrogen  mass  carried  in  the  river 
channel  of  both  the  Clark  Fork  and  the  Bitterroot  Rivers.  To 
obtain  more  information  about  this  possibility,  we  gathered  a 
special  set  of  samples  for  nitrate  analyses  at  sites  on  the 
Clark  Fork  and  Bitterroot  Rivers  above  their  confluence 
(Figure  1.)  and  at  sites  on  the  Clark  Fork  River  downstream 
of     the    confluence     (Figure     3.). 

These  nitrate  data  (Figure  12.)  confirmed  the 
contribution  of  nitrates  to  the  Bitterroot  and  Clark  Fork 
Rivers  by  groundwater.  We  found  two  groundwater  seeps  in  the 
"backwaters"  of  the  Bitterroot  River  at  the  Fort  Missoula'  and 
the  McClay  Bridge  sampling  sites  (Figure  1).  Water  samples 
taken  from  these  seeps  were  found  to  have  nitrate 
concentrations  at  least  10 x  the  nitrate  concentrations  of  the 
Bitterroot  River  (Figure  12.).  These  results  supported 
earlier  studies  which,  reported  "elevated"  nitrate 
concentrations  for  the  groundwater  under  the  city  of  Missoula 
(Juday  and  Keller  19  73)  and  for  the  groundwater  throughout 
the     Missoula     Valley     (N'ewman     1981).        The     general     groundwater 
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Bitterroot    River 


O.odmon   Gul.h  <   OOI 

■:-...  I'«fj.  OOI 

Fort    Miitowla  0.10 

Fl     Mmoolo  Sup  (1.34) 

»'■■•    Mountain  O  07 

Moclay  o«  007 

m,  ,..„,    Ir.     "..p  (LSI) 


Clark   Fork  River 

Von  p    .  ...  ftridga  <  0.01 

Ratarva    Slroal   »-  idga      <  OOI 

M     ...... lo      '..-o.j.     I . 

Council    Hill  007 


Clark  Fork  River 

USOS  0.07 

Flat  Valla?  0  05 

Horpari    B.    Hg.        004 

(Kraft     Mill) 
Crtkina  <  0.01 

Huum  <  OOI 

Ninamila  <  0.01 

Patty  Croak  <  0.01 


Figure     12.        Downstream     trends     in     nitrate    concentrations     (mg 
NCU-N   1       )    measured   during   a    special    sampling 
run    of    the    Bitterroot    and    Clark    Fork    Rivers 
on    September    4,     1985.       Site    locations    are    given 
in    Fig  ures    1 .    and    3 . 


flows  discussed  earlier  indicate  that  the  Clark  Fork  River 
below  Kelly  Island  also  receives  groundwater  inputs  of 
nitrate.  Continuous  nitrate  inputs  would  keep  the  nitrate 
concentrations  in  the  Clark  Fork  River  elevated  (as  shown  in 
Figure  12.)  upstream  of  the  kraft  mill  and  upstream  of 
Ninemile  (as  shown  in  Figure  10.).  Since  the  morphology  of 
the  Missoula  Valley  constricts  around  the  Clark  Fork  River 
between  Huson  and  Ninemile,  less  groundwater  might  have  been 
flowing  into  the  river  near  Ninemile  than  might  have  been 
flowing  into  the  river  from  the  wider  portions  of  the 
Missoula    Valley.       Less    groundwater     flow     would    h.ive    decreased 
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the  nitrate  contributions  to  the  river  from  groundwater. 
With  reduced  nitrate  contributions  from  groundwater,  the 
nitrate  in  the  river  would  be  rapidly  taken  up  by  the  river 
periphyton;  nitrate  concentrations  in  the  river  at  this  point 
would  be  expected  to  decline.  Such  a  decline  in  nitrate 
concentrations    was    measured    in    August,     1985    (see    Table    14.). 

These  results  suggested  that  groundwater  flow  into  the 
river  may  be  an  important  factor  in  determining  metabolic 
rates  as  well  as  the  general  water  quality  of  the  Clark  Fork 
River.  If  groundwater  flow  into  the  river  was  significant  in 
the  Missoula  valley,  then  impacts  from  point  sources  could  be 
reduced  by  dilution  processes.  On  the  other  hand,  polluted 
groundwater  (e.g.  seepage  from  septic  sytems  or  buried 
gasoline  tanks)  could  result  in  water  quality  degradation  of 
the    Clark    Fork    River. 

To  compare  the  relative  importance  of  the  various 
inorganic  nutrient  sources  to  the  Clark  Fork  River  on  an 
equal  basis,  the  loading  rates  of  soluble  reactive  phosphorus 
and  inorganic  nitrogen  (nitrate  +  ammonia)  by  the  Clark  Fork 
River  above  the  sewage  treatment  plant,  the  Missoula  sewage 
treatment  plant,  the  Bitterroot  River,  and  the  kraft  mill 
were  determined  from  the  1984  and  1985  water  quality  data  of 
the  Montana  Water  Quality  Bureau  (unpublished  data,  MWQB) . 
Groundwater  contributions  of  inorganic  nutrients  were  not 
included  because  information  was  not  available  to  estimate 
the  seasonal  qualities  and  quantities  of  groundwater  flows  to 
the     river. 
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Table  15. 


sec   ) 


Loading  rates  (gr  P  sec  *)  of  soluble  reactive 
phosphorus  to  the  Clark  Fork  River  from  selected 
___  nutrient  sources.   STP  is  the  Missoula  sewage 
treatment  plant. 


CI 

ar 

k  Fork 
Above 

River 

Bitter  root 

Kraft 

Date 

STP 

STP 

River 

Mill 

May   1984 

63.5 

1.0 

13.0 

3.2 

Oct.  19  8  4 

0.3 

2.5 

0.2 

0.5 

July  1985 

0.2 

1.2 

0.1 

0.0 

Table  16.   Loading  rates  (gr  N  sec-1)  of  inorganic  nitrogen 
(nitrate  +  ammonia)  to  the  Clark  Fork  River  from 
selected  nutrient  sources.   STP  is  the  Missoula 
sewage  treatment  plant. 


Date 


Clark  Fork  River 

Above 

STP 


STP 


itter root 
River 


Kraft 

Mill 


May  1984 
Oct.  1934 
Aug.  1985 


16.7 
0.5 


4.4 
5.4 
2.1 


24.5 

9.1 

1.9 

0.8 

0.9 

0.0 
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During  the  spring  freshet,  the  upstream  sources  of 
soluble  reactive  phosphorus  in  the  Clark  Fork  River 
contributed  a  phenomenal  amount  of  phosphorus  to  the  Missoula 
Valley  (Table  15).  The  Bitterroot  River  also  contributed  a 
substantial  amount  of  soluble  reactive  phosphorus  to  the 
Clark  Fork  River.  During  other  times  of  the  year  when  the 
river  flows  were  less,  however,  the  Missoula  sewage  treatment 
plant  dominated  the  contributions  of  soluble  reactive 
phosphorus  to  the  Clark  Fork  River. 

Analysis  of  the  inorganic  nitrogen  (nitrate  +  ammonia) 
loadings  from  the  various  sources  again  indicated  dominant 
nitrogen  contributions  of  the  Clark  Fork  and  Bitterroot 
Rivers  during  the  spring  freshet  (Table  16.).  During  low 
flows,  the  Missoula  sewage  treatment  plant  and  the  Bitterroot 
River  contributed  most  of  the  inorganic  nitrogen  to  the  Clark 
Fork  River. 


J±*P.!:J[A™.!!I!Aj?A   E.L2ll~~L     JifA-£f:A.5  2.1  Rll2.^22]  iil^AA   ^AAA 

Wastewater   on   BenthTc  Community   Metabolism 


Previous  studies  found  many  toxic  substances  in  pulp  and 
paper  mill  wastewaters  including  resin  acids,  fatty  acids, 
terpenes,  pyrene,  f 1 u o r a n t h e n e  ,  and/or  chlorinated 
hydrocarbons  (Kelso  et  al.  1977;  Moore  and  Love  1977;  Kinae 
et  al.  1981;  Leung  and  Sell  1982).  Moore  and  Love  (1977) 
found  that  a  solution  containing  1.0%  kraft  mill  wastewater 
reduced  algal  productivity  mainly  due  to  the  presence  of 
dehydroabiet ic    acid,     a     resin    acid. 
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Although  dehyd r oabi e t i c  acid  was  also  found  in  the 
wastewater  of  the  Champion  International  kraft  mill  (USEPA 
1985),  the--tesults  of  preliminary  experiments  with  the  kraft 
mill  wastewater  indicated  that  a  50%  concentration  of  kraft 
mill  wastewater  was  required  to  reduce  net  community  primary 
productivity.  The  wastewater  used  by  Moore  and  Love  (1977) 
was  subjected  only  to  primary  treatment  whereas  the 
wastewater  from  the  Champion  International  kraft  mill  was 
subjected  to  secondary  treatment  and  a  minimum  holding  time 
of  10  days  before  being  discharged  into  the  Clark  Fork  River 
(Shewman  et  al.  1984).  Rainville  (1975)  found  that  the 
toxicity  of  pulp  and  paper  mill  wastewater  was  reduced  by 
aeration  or  storage.  In  addition,  some  recent  studies  were 
completed  showing  that  secondary  treatment  reduced  the 
toxicity  and  mutagenicity  of  pulp  mill  wastewaters  (Nestmann 
et  al.  1984;  Leuenberger  et  al.  1985),  although  Leuenberger 
et  al.  (1985)  also  found  that  chlorinated  compounds  were  only 
partly  eliminated  by  the  activated  sludge  process.  (The  pulp 
bleaching  process  was  probably  the  source  of  these 
chlorinated  compounds  (Leung  and  Sell  1982;  Karma  et  al. 
1983))  Therefore,  the  toxicity  of  the  unbleached  kraft  mill 
wastewater  from  Champion  International  was  probably  reduced 
due    to    secondary    treatment. 

The  observed  presence  of  algae  (both  phy topi ank ton  and 
periphyton)  and  zooplankton  in  the  wastewater  holding  ponds 
also  implied  that  the  wastewater  toxicity  was  reduced.  In 
addition    to    the    reduction    of    toxicity,    secondary    treatment    of 
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the  kraft  mill  wastewater  might  cause  other  changes  in  the 
wastewater  quality  (Table  13.)  from  the  wastewater 
charactersi t ics    previously    described     (MDHES    1974). 

Perh-a-ps  the  most  surprising  result  of  this  study  is  the 
fact  that  the  kraft  mill  wastewater  had  the  capability  for 
photosynthesis.  This  photosynthesis  was  primarily  due  to 
photosynthetic  bacteria  although  some  algae  were  observed  in 
the  wastewater  ponds.  Two  genera  of  these  photosynthetic 
bacteria  were  identified  as  Chlorobium  and  Rhodopseudomonas 
(McNeil,  UMBS,  pers.  comm.)  from  samples  of  wastewater  taken 
to  the  Biological  Station.  As  an  additional  surprise,  the 
kraft  mill  wastewater  ,  sampled  from  the  same  location 
_tjti_r  ough  o  u_t  a_  2A_  hour  PJ!J[A°.^  fl-H^AllS.  the  summer,  could 
unpredictably  change  its  metabolism  characteristics  within 
that      24      hour      period.  This      change      in      metabolism 

characteristics  was  apparently  due  to  the  abundance  of  the 
photosynthetic  bacteria.  When  the  photosynthetic  bacteria 
were  abundant  in  the  wastewater,  the  wastewater  had  a 
"greenish  tinge"  in  color.  When  the  photosynthetic  bacteria 
were    scarce,     the    wastewater    had    a    "brown"    color. 

The  results  of  the  in  situ  experiment  (Table  17.) 
indicated  that  the  primary  productivity  measurements  had 
variances  dependent  upon  the  means;  consequently,  these  data 
were  transformed  logarithmically  before  determining  tests  of 
significance.  The  significant  (p  <  0.001)  reduction  in  net 
community  primary  productivity  could  have  been  due  to  three 
factors:  1)  the  wastewater  color  decreasing  the  light 
intensity    within     the    chamber,     2)      the     concentration     of     toxic 


• 
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Table  17.   Comparison  of  metabolism  variables  measured  during 
the  j_n  s  i  tu  chamber  experiment  using  a  treatment 

_. of  a  1:1  mixture  of  kraft  mill  wastewater  and 

Clark  Fork  River  water.   Experiment  was  conducted 
on  September  25,  1985.   Data  are  means. 


Parameter 


River  Water 
(Control) 


1 : 1  Mixture 
(Treatment) 


Net  Community 
Primary  Productivity 
(mg  C  m    day   ) 


1630 


420 


Diel  Respiration 
(mg  C  m~2  day   ) 


910 


1191 


Gross  Primary 

Product  ivi ty 

—  ?     -1 
(mg  Cm    day 


2100 


1030 


Net  Daily  Metabolism 
(mg  C  m-2  day-1) 


+  1190 


-  160 


P:R- 


2.31 


.87 


ns 

1 


p  <  0. 001 

p  <  0.05 

not  significant  (p  >  0.05) 

Gross  Primary  Product iv i ty/Di el  Respiration 


substances  in  the  wastewater  or  3)  the  increased  salinity  of 
the  wastewater. 

Respiration  measurements  did  not  require  transformation 
of  the  data  before  determining  tests  of  significance.   The 
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treated  chambers  did  not  have  significantly  (p  >  0.05) 
different  respiration  rates  from  that  of  the  control 
chamber  s^--— These  results  implied  either  1)  the  respiration 
rate  (including  the  decomposition  rate)  of  the  1:1  mixture  of 
kraft  mill  wastewater  to  river  water  was  negligible  when 
compared  to  the  benthic  respiration  of  the  Clark  Fork  River, 
or  2)  the  toxicity  of  the  wastewater,  which  would  have 
decreased  respiration,  was  compensated  by  the  additional 
respiration  from  the  organic  matter  in  the  kraft  mill 
wastewater . 

Perhaps  the  greatest  acute  impact  of  the  kraft  mill 
wastewater  on  riffle  community  metabolism  was  exemplified  by 
comparing  the  net  daily  metabolism  values  and  the  P:R  ratios 
of  the  control  chambers  to  those  treated  with  a  1:1  mixture 
of  kraft  mill  wastewater  and  river  water.  The  treated 
chambers  experienced  heterotrophic  conditions  whereas  the 
control  chambers  experienced  autotrophic  conditions.  The 
heterotrophic  conditions,  caused  by  the  addition  of  kraft 
mill  wastewater,  eventually  would  have  caused  the  community 
structure    of    the    impacted    riffle    community    to    change. 


E  x  p.?  I A  I!!  J!  J]  J:  J?  A    E.L°3.L^L    ^AA^^A    °4    5AA---d    £----    -AAA 

WasFe~waters   on   Water   Column    (vs    Benthic)    Metabolism 


Water  column  metabolism  and  changes  in  water  column 
metabolism  due  to  the  addition  of  kraft  mill  wastewater 
(Table      18.)      were     negligible     when     compared     to     benthic 
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Table  18.  Comparison  of  metabolism  variables  measured  during  the  water  column  metabolism  experiment.  River 
water  for  the  mixtures  (parts  kraft  mill  wastewater!  parts  Clark  rork  River  water)  were  obtained 
at  the  Petty  Creek  Pishing  Access.  Experiment  was  conducted  on  September  2B,  1985.  Data  are 
based    on    3-hour     Incubation    periods. 


Composition    of    Solutions    used    for    Incubations 
River    water  ll2ff  1 i 21  lil    (Brown)  1,1     (creen) 


Net    Community 
Primary    Productivity 
!xk)    C    a"2    day"1) 


Dlel    Respiration 
(og    C   a'1    day"1) 


Gross    Primary 

Product lylty 

(mo  C  m"2  day  -1) 


1.2  1.5 


S.I  f.S 


•.2         g.8 


slue  determined  from 


the  Net  Community  Primary  Productivity  of  both  "green*  and  "bro» 


community  metabolism  of  the  Clark  Fork  River  (Table  3.). 
"Brown"  wastewater  was  used  during  most  of  this  study.  If 
"green"  wastewater  had  been  used  more  frequently  during  this 
study,  the  changes  in  water  column  metabolism  due  to  the 
addition  of  kraft  mill  wastewater  might  have  been  important. 
Since  there  was  no  known  method  of  "controlling"  the  quality 
(brown  vs.  green)  of  wastewater  obtained  from  the  same 
location  in  the  holding  ponds,  the  experimental  work  was 
conducted  on  both  green  and  brown  wastewater,  as  available 
from    the    holding    ponds. 

No  net  community  primary  productivity  or  respiration  was 
detected  (Table  18.)  in  the  Clark  Fork  River  water  collected 
at  the  Petty  Creek  site.  The  low  metabolic  rates  observed  at 
the  petty  Creek  site  were  similar  to  the  light-dark  bottle 
incubation  results  from  the  other  riffle  sites  (Flat  Valley, 
Harper's    Bridge,     Huson,     and    Ninemile). 

No  diel  respiration  was  detected  for  the  1:200  mixture 
of     kraft     mill     wastewater     and     river     water.  The     diel 
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respiration  of  the  1:20  mixture  of  kraft  mill  wastewater  and 
river  water  was  barely  detectable.  The  respiration  rate 
increased  between  the  1:20  mixture  and  the  1:1  mixture  of 
kraft  mill  wastewater  and  river  water  indicating  that  the 
respiration  rate  was  dependent  upon  the  wastewater 
concentration.  The  difference  in  respiration  rates  between 
the  brown  and  green  wastewaters  for  the  1:1  mixture  of  kraft 
mill  wastewater  (Table  18.)  indicated  that  the  quality  of  the 
wastewater  was  important  to  respiration  rates,  although  no 
difference  in  respiration  was  detected  in  the  1:20  mixture 
between  green  and  brown  wastewaters.  Comparison  of  the 
benthic  chamber  experimental  results  (see  Table  17.)  with  the 
water  column  metabolism  experimental  results  (Table  18.) 
indicated  that  the  respiration  rate  of  the  organic  matter  in 
the  1:1  mixture  of  kraft  mill  wastewater  to  river  water  was 
negligible    when    compared    to    the    respiration    of    the    benthos. 

When  determining  the  net  community  primary  productivity 
of  the  mixtures  of  kraft  mill  wastewater  and  river  water,  the 
positive  increases  of  dissolved  oxygen  concentrations  due  to 
the  green  effluent  and  to  the  brown  effluent  were  summed 
together.  The  primary  productivity  measurements  might  have 
been  underestimated  because  the  metabolism  measurements  from 
the  first  three  hours  of  the  decomposition  study  were  not 
included  in  the  primary  productivity  calculations.  These 
measurements  were  not  included  because  technical  problems, 
which  were  immediately  resolved,  provided  invalid  results  for 
the  first  data  set.  As  the  concentration  of  kraft  mill 
wastewater    increased,     the    net    community    primary    productivity 
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increased  (Table  18.).  The  green  effluent  had  a  higher  net 
community  primary  productivity  rate  than  the  brown  wastewater 
(Table  L9-4-.  Even  in  the  1:200  mixture  of  kraft  mill 
wastewater  and  river  water,  primary  productivity  was 
detected.  This  last  result  suggested  that  it  might  be 
possible  for  the  bacteria  in  the  kraft  mill  wastewater  to 
produce  organic  matter  by  pho to syn the t i c  processes,  even 
after  the  wastewater  was  discharged  into  the  river.  Since  no 
water  column  primary  productivity  was  detected  at  the  riffle 
sites  downstream  of  the  kraft  mill,  this  instream  bacterial 
photosynthesis,  if  it  occurred  at  all,  appeared  to  be  limited 
to    the    mixing    zone. 

Data  from  the  August  water  chemistry  samples  indicated 
that  the  particulate  organic  carbon  concentrations  were 
higher  at  the  riffle  sites  downstream  of  the  kraft  mill  than 
the  concentrations  at  the  riffle  sites  upstream  of  the  mill; 
however,  the  kraft  mill  was  not  direct  discharging  its 
effluent  during  this  period.  These  samples  were  collected  a 
day  after  the  first  major  thunderstorm  passed  through  the 
area,  following  a  two  month  drought.  The  resulting  spate 
might  have  resuspended  organic  matter  that  settled  in  the 
mixing  zone  downstream  of  the  kraft  mill  or  increased 
sloughing  of  periphyton  from  the  river  bottom  (cf.  Stockner 
and  Shortreed  1978).  Therefore,  the  increased  particulate 
organic  carbon  concentrations  observed  at  the  downstream 
riffle  sites  during  the  spate  could  have  been  organic  matter 
from     algal     biomass     which    had     been     sloughed    off     the    river 
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Table  19.  Changes  in  dissolved  oxygen  concentrations  of  the 
1:1  mixture  of  kraft  mill  wastewater  and  Clark 
Fork  River  water  obtained  at  Petty  Creek  Fishing 
—  Access  during  the  water  column  metabolism 
experiment.  Experiment  was  conducted  on 
September  20,  1985.  Wastewater  quality  is  also 
incl uded  . 


Time 


Light 
Bottle 
(mg   02  1_1) 


Dark 

Bottle 

(mg   02  1_1) 


Effluent 
Qual i  ty 


8:40-11 : 15 
10: 55-14: 10 
13:45-17 :00 
16:45-19:50 
19: 35-22:45 
22:30-  2:05 
1:40-  5:00 
4:40-    7: 35 


+  0.6 

+  1.0 
+  1.7 
+  5.9 
-1.0 
-0.3 
-0.4 
-1.4 


-0.6 
-0.4 
-0.5 
-2.1 
-1.4 
-0.4 
-0.4 
-1.4 


Brown 
Brown 
Brown 
Green 
Green 
Brown 
Brown 
Green 


bottom,  from  the  kraft  mill  wastewater  (see  Appendix  B.)  , 
or  organic  matter  from  other  sources  in  the  Missoula  Valley 
which    accumulated    in    the    kraft   mill    wastewater    mixing    zone. 

Water  samples  for  some  of  the  mixtures  of  kraft  mill 
wastewater  and  Clark  Fork  River  water  were  analyzed  for  water 
chemistry  variables  (see  Table  20.).  The  1:200  mixture  had 
characteristics  very  similar  to  the  river  water.  The  1:1 
mixture    had    characteristics    more    similar    to    the    full    strength 
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Table  20.  Comparison  of  water  chemistry  variables  among 
mixtures  of  kraft  mill  wastewater  and  Clark  Fork 
River  water  taken  from  the  Petty  Creek  Fishing 
Access.  Data  are  means  of  duplicate  samples 
on    collected    September    3,     1985. 


Var  iable 


1:1 


River    Water 


Turbidity 
(NTU) 

Hardness 

(rag       CaC03    l-1) 


2.0 


0.83 
135 


Ca 

(rag       l"1) 

47.9 

36.6                                37.0 

"9            ., 

(rag       1    l) 

12.6 

10.2                                10.3 

po4-p 

(rag       I*1) 

0.145 

0.004                              0.008 

TP 

1.806 

0.050                              0.031 

(mg       l-1) 

NO3-N1 
(mg       1    l) 

<0.01 

<0.01                              <0.01 

NH3-N 
(rag       1    1) 

1.017 

<0.005                             0.006 

TKN 

(rag       1    l) 

7.8962 

0.364                              0.221 

Si02       _1 
(rag       1    l) 

22.0 

11.7                                10.2 

CI 

(rag       1    l) 

73.8 

4.2                                   3.5 

so4-s 

(rag       1    l) 

139.77 

9.12                                7.90 

Na 

(mg       l"1) 

295.4 

12.5                                  9.4 

Alkal lnl  ty 
(mg       CaCOj 

I"1 

406 

133                                   129 

DOC 

30.9 

2.7                                   1.7 

(rag       l"1) 

POC 

(rag       1_1) 

13.1 

1.5                                  0.8 

1       nitrite 

bel 

jw    detect  1  on 

limit     (<     0.1     mg     NOj-N    l"1). 

value     c 

bt  a 

lned     from    a 

different     sample     (Nov.    7,     1985). 
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wastewater.  One  characteristic  common  to  all  the  samples  was 
the  very  low  nitrate  concentrations.  Bacterial  production 
might  have  been  nitrate  limited  so  that  the  observed 
respiration  (including  decomposition)  rates  were  less  than 
they   might   be    (Howard    1985)    during    other    times   of    the   year. 

Other  factors  which  might  effect  decomposition  rates 
include  availability  of  organic  nutrients,  total  suspended 
solid  concentrations,  location,  and  time  of  year  (Bartholomew 
and  Pfaender  1983;  Cummins  et  a  1 .  1983;  Wang  et  a  1 .  1984; 
Howard     1985). 

The  changes  in  diel  respiration  between  green  and  brown 
wastewater  (Table  18.);  and  the  existence  of  primary 
productivity  in  the  kraft  mill  effluent  refuted  the 
assumption  that  respiration  was  solely  due  to  decomposition 
of  the  organic  matter  in  the  kraft  mill  wastewater. 
Therefore,  the  diel  respiration  rates  given  in  Table  18. 
cannot    be    used    directly   as    decomposition    rates. 


CONCLUSIONS 

Seasonal    Var  i at  ions    of    Ri  f f le    Community    Metabolism 

The  riffle  community  metabolism  data  indicate  that  the 
trophic  conditions  of  the  Clark  Fork  River  changed 
drastically  with  season.  Cold  temperatures  and  shorter 
daylight  periods  during  November  limited  photosynthesis  in 
the     river.        Therefore,     respiration     dominated,     as     surplus 
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organic  matter  derived  from  late  summer  algal  production  and 
allochthonous  inputs  were  catabolized  (consumed)  by  stream 
organisms^.    Consequently,      P:R     ratios     were     less     than     1.0. 

Spring,  on  the  other  hand,  was  a  time  of  growth.  The 
warmer  temperatures  and  longer  daylight  periods  supported  a 
high  rate  of  primary  productivity.  Rocks  which  were  recently 
inundated  by  the  river  were  quickly  colonized  and  covered 
with  algae.  Higher  primary  production  increased  the  P:R 
ratios   above    1.0. 

During  the  summer,  the  higher  temperatures  supported  an 
even  higher  rate  of  primary  productivity  and  respiration  as 
long  as  nutrients  were  available.  Primary  productivity  and 
respiration  in  the  Clark  Fork  River  appeared  to  be  nitrate- 
limited  during  the  summer,  except  in  those  areas  (e.g.  Clark 
Fork  River  between  its  confluence  with  the  Bitterroot  River 
and    Huson)  where    groundwater    apparently    provided    a    nitrate 

subsidy.  In  those  areas  receiving  nitrate-rich  groundwaters, 
primary  productivity  and  respiration  were  probably 
phospho r us- 1 i m i ted .  The  high  summer  respiration  of  the 
benthic  communities  and  the  low  solubility  of  oxygen  in  river 
water,  due  to  high  summer  temperatures,  indicated  that  the 
dissolved  oxygen  concentrations  of  the  Clark  Fork  River  could 
decrease  to  the  minimum  water  quality  standard  of  7.0  ppm. 
(and  possibly  even  decrease  below  this  standard)  quite  often 
during    the    summer. 

Productivity  of  the  river  below  Missoula  appeared  to  be 
enhanced     as    a     result    of     nutrient     inputs     from     the     sewage 
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treatment  plant,  located  upstream  of  the  kraft  mill,  and 
nitrate  inputs  from  the  Bitterroot  River  and  nonpoint 
groundwater    sources. 

Impact    o_f    the    Kraft    Mill    on    the    Clark    Fo r  k    River 

We  were  unable  to  distinguish  an  impact  on  riffle 
community  metabolism  from  the  kraft  mill  due  to  the  very  high 
ambient  productivity  of  the  river.  The  elevated  phosphorus 
and  ammonia  concentrations  of  the  kraft  mill  wastewater  might 
have  enhanced  productivity  in  the  study  area,  but  this  impact 
was  "masked"  by  the  high  production  potential  mediated  by 
waters    flowing    into    the    kraft    mill    discharge    area. 

Experimental  studies  indicated  that  a  50%  concentration 
of  "brown"  kraft  mill  wastewater  reduced  net  community 
primary  productivity  of  the  riffle  communities  in  the  Clark 
Fork  River.  This  decrease  in  net  community  primary 
productivity  was  probably  due  to:  1)  the  color  of  the  kraft 
mill  wastewater  reducing  the  light  intensity  in  the 
metabolism  chambers,  2)  the  concentrations  of  residual  toxic 
substances  in  the  wastewater,  or  3)  the  increased  salinity  of 
the    wastewater. 

The  water  column  metabolism  studies  revealed  that  the 
kraft  mill  wastewater  often  contained  a  pho to syn the t i c 
oacterial  community,  which  may  drastically  alter  the 
metabolic  characteristics  of  the  wastewater  within  short  time 
periods.  More  studies  are  required  to  understand  the  dynamic 
nature    of    this    biological    community. 
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The  kraf  t  mill  was  just  one  of  many  point  and  nonpoint 
sources  of  nutrients  and  organic  matter  in  the  Clark  Fork 
River  w  a±  e-t-s  h  e  d .  The  enhanced  productivity  and  respiration 
observed  in  the  Clark  Fork  River  resulted  from  the  cumulative 
effects  of  these  various  point  and  nonpoint  disturbances  in 
the  watershed. 

Riffle  Comm  u_n  i  ty  Metabql  ism  a  s  a    Measure  o  f  Water  Quality 

The  results  of  this  study  indicate  that  riffle  community 
metabolism  can  be  used  to  detect  water  quality  degradation. 
The  enhanced  metabolic  rates  measured  upstream  of  the  kraft 
mill  were  probably  related  to  the  enhanced  concentrations  of 
inorganic  nutrients  in  the  river  due  to  upstream  sources. 
The  metabolism  study  also  allowed  resolution  of  groundwater 
nitrate  subsidies  to  this  reach  of  the  Clark  Fork  River. 

Although  traditional  water  quality  indicators  could  have 
been  used  with  less  time,  money,  and  effort  expended  than 
measuring  metabolism  required,  traditional  indicators  only 
address  the  material  aspects  of  an  environmental  impact  and 
tend  to  ignore  the  energy  aspects.  Riffle  community 
metabolism  complements  the  traditional  water  quality 
indicators  by  addressing  the  energy  aspects  of  an 
environmental  impact  under  the  environmental  conditions 
during  which  the  impact  occurs.  Hence,  when  comparing 
changes  in  metabolism  rates  with  corresponding  changes  in  the 
traditional  water  quality  indicators,   insights  are  provided 
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to  how  an  impact  by  a  "pollution  source"  occurs  in  the 
environment  rather  than  just  detecting  the  presence  of  an 
impact . 

The  use  of  riffle  community  metabolism  for  environmental 
impact  assessment,  however,  could  be  much  improved  over  its 
use  in  this  study.  Because  riffle  community  metabolism  is 
sensitive  to  environmental  changes,  metabolism  measurements 
should  be  recorded  simultaneously  upstream  and  downstream 
from  a  suspected  pollution  source.  To  separate  the  water 
column  metabolism  from  the  benthic  metabolism,  light-dark 
bottle  incubations  or  metabolism  measurements  of  a  chamber 
containing  only  river  water  should  be  run  simultaneously  with 
chambers  containing  benthos.  Since  river  conditions 
continually  change,  both  benthic  and  water  column  metabolism 
should  be  determined  seasonally,  if  not  more  frequently. 
Water  samples  for  chemical  analyses  should  be  collected  on 
the  same  day  that  the  metabolism  data  is  recorded. 
Integrating  these  changes  into  the  riffle  community 
metabolism  measurements  could  reduce  the  variance  of  the 
metabolism  values  so  that  the  interactions  among  the  various 
water    quality    variables    could    be    discerned    more    easily. 
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APPENDIX    A. 

What    is    Communi  ty   Metaboli  sm? 

A  river  is  a  living  community.  The  organisms  (i.e.  the 
algae,  fish,  insects,  microorganisms,  etc.)  that  exist  in  the 
river  need  energy  to  live,  grow,  and  reproduce.  The 
organisms  obtain  energy  by  consuming  food  in  the  form  of 
organic    matter  . 

The     food     for     stream     organisms     comes     from     two     main 
sources:      1)    algae   and   other    aquatic    plants   produce    food    by 
instream    photosynthesis    (known    as    autochthonous    inputs    of 
energy);     and    2)     organic    matter    which    is    produced    on    land    and 
which     certain     stream     organisms    can     consume     (known    as 
allochthonous     inputs    of     energy).        The     amount     and     proportion 
of    organic    matter    contributed     to    a     river     food    chain    from 
these     main     sources     differ      for      different     streams. 
Allochthonous     inputs    of    energy   dominate    the    energy    budget    of 
many  streams   draining    the   deciduous    forests   of    the    eastern 
United    States    (Hall    1972;     Fisher    and    Likens    1973;     Cummins 
1974;      Hornick     et.     al.      1981;      Hill     and     Webster     1982).        In 
studies    of    streams    draining    the    drier    western    United    states, 
however,    autochthonous    inputs    of    energy    dominate    the    streams' 
energy    budgets    (Minshall    1978;     Busch    and    Fisher     1981;     Cushing 
and     Wolf     1984).        Hence,      in     this    and     many    other     ways,     the 
characteristics   of   a    river   or   stream   are   dependent   upon    the 
characteristics     of     the     watershed     that     it     drains      (Hynes, 
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1975).  The      absolute      and      relative      contributions      of 

a  1 lochthonous  and  autochthonous  energy  inputs  may  even  change 
between  different  reaches  of  the  same  river  system  (Hall 
1972;  Minshall  et.  a  1  .  1983:  Naiman  1983;  Stanford  and  Ward 
1983;  Bott  et.  al.  1985;  Minshall  et.  al.  1985)  and  may 
change  seasonally  for  the  same  reach  of  a  river  system  (Hall 
1972;    Naiman    1983;    Bott   et.   al.   1985). 

Another  important  consideration  about  the  availability 
of  organic  matter  to  stream  organisms  is  the  "quality", 
especially  as  food,  of  the  organic  matter.  Some  types  of 
organic  matter  have  a  higher  nutritive  value  to  stream 
organisms  than  other  types  of  organic  matter  in  the  same  way 
that  a  T-bone  steak  has  a  higher  nutritive  value  than  the 
wood  cambium  of  a  Ponderosa  pine  to  humans.  Organic  matter 
that  has  a  low  nutritive  value  to  stream  organisms  is  refer- 
red to  as  refractory  organic  matter  and  that  which  has  a  high 
nutritive  value  and  can  be  readily  assimilated  by  stream 
organisms  is  referred  to  as  labile  organic  matter.  Some 
studies  (Hornick  et.  al.  1981;  Hill  and  Webster  1982)  have 
suggested  that  autochthonous  inputs  of  organic  matter  tend  to 
have  a  higher  food  quality  to  stream  organisms  than 
a  1  lochthonous    inputs    of    organic    matter. 

The  different  contributions  of  autochthonous  food  and 
and  al lochthonous  food  to  the  consumers  of  a  river  or  stream 
suggest  that  the  types  and  abundances  of  stream  organisms 
(collectively  called  community  structure  by  ecologists)  and 
the  interactions  among  these  organisms  (stream  ecology)  may 
be    quite    different    for    various    river    systems    (crushing    et.     al. 
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1983)  and  may  even  be  different  from  one  section  of  a 
particular  river  system  to  another  only  a  kilometer  away 
(Vannote_e_t-  al.  1980).  Hence,  a  disturbance  to  a  community 
dependent  upon  a  1 1 och thonous  inputs  of  energy  may  have 
different  consequences  in  a  community  dependent  upon 
autochthonous  inputs  of  energy. 

A  river  community  may  be  subjected  to  a  variety  of 
disturbances.  Some  of  these  disturbances  are  "natural"  : 
spring  runoff,  runoff  from  storm  events  (Wallace  et.  al. 
1982;  Casey  and  Farr  1982;  Verhoff  et.  al.  1982),  wildfires 
(Tiedemann  et.  al.  1978),  or  even  large  scale  pest  epidemics 
(Potts  1984).  Other  disturbances  result  from  human 
activites  including  agriculture  (Logan  1982;  Peterjohn  and 
Correll  1984;  Dorich  et.  al.  1984),  logging  (Likens  et.  al. 
1970;  Meyer  and  Tate  1983;  Webster  et.  al.  1983),  mining 
(Wieder  and  Lang  1984),  dam  construction  (Ward  and  Stanford 
1979,  1982;  Hauer  and  Stanford  1982),  or  the  development  of 
urban  areas  (Smart  et.  al.  1985). 

These  disturbances  can  influence  the  absolute  and 
relative  contributions  of  a  1  loch thono us  and  autochthonous 
inputs  of  energy  to  a  river  or  stream,  and  can  also  influence 
the  resulting  food  quality  of  these  energy  sources.  The 
addition  of  nutrients  (phosphorus,  nitrate,  ammonia,  etc.) 
can  increase  the  autochthonous  resource  of  energy  by 
supporting  a  higher  rate  of  photosynthesis  by  algae  and  other 
aquatic  plants  (Stockner  and  Shortreed  1978;  Elwood  et.  al. 
1981;  Horner  and  Welch  1981).   Conversely,  the  addition  of 
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toxic  substances  to  a  river  may  decrease  the  autochthonous 
inputs  of  energy  by  inhibiting  photosynthesis  (Moore  and  Love 
1977;  Lewis  and  Gerking  1979;  Leland  and  Carter  1985).  The 
anthropocentric  additions  of  organic  matter  are  simply 
allochthonous  sources  of  energy  to  stream  organisms  (cf. 
Warren    et.    a  1  .    1964). 

To  assess  the  impact  of  a  particular  human  activity  on  a 
river  system,  the  absolute  and  relative  contributions  of 
allochthonous  and  autochthonous  energy  inputs,  both  naturally 
and  as  effected  by  human  activity,  to  the  affected  river  need 
to  be  estimated.  The  principal  techniques  for  analyzing  the 
importance  of  the  two  main  sources  of  food  to  stream 
organisms  is  to  measure  the  metabolism  of  the  river 
commun  i  ty . 

Community  metabolism  is  the  generic  term  for  energy 
fixation  and  use  by  a  biological  community.  Most  commonly, 
it  is  measured  by  the  production  of  oxygen  in  the  stream  due 
to  photosynthesis  of  the  aquatic  plants  (a  measure  of 
autochthonous  inputs  of  energy)  and  the  consumption  of  oxygen 
due  to  the  respiration  of  stream  organisms  and  the  decay  of 
organic  matter  in  the  stream  (a  measure  of  the  total 
consumption  of  all  energy  by  the  stream  consumers,  including 
the  consumption  of  allochthonous  energy).  The  amount  of 
organic  matter  produced  or  consumed  can  be  determined 
approximately  from  the  changes  in  dissolved  oxygen  concentra- 
tions   by    using    the    stoichiometric    equations    in    Table    A-l. 

When  stream  organisms  process  food  for  their  own  energy 
and     material     requirements,      they    use     the    oxygen     dissolved     in 
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Table  A-l.  Generalized  relationship  between  carbon  and  oxygen 
in  photosynthesis  and  respiration  ( od urn  1971). 


Re  s  p  i  r  a  t  i  o  n 
CH20  +  o2  - 

( food) 


■^  C02  +  H20  +  energy 


Photosynthes  i  s 

C02  +  H2°  +  ener9y 


^    CH90  +  0. 


where:   CH-,0  =  organic  matter 

02  =  oxygen 

CCU  =  carbon  dioxide 

H20  =  water 


the  river.  This  consumption  of  oxygen  is  known  as  respira- 
tion. Respiration  includes  the  processes  of  both 
assimilation  and  decomposition.  All  stream  organisms 
(including  algae  and  aquatic  plants)  respire  24  hours  a  day. 
During  the  night,  the  respiration  of  virtually  all  stream 
organisms  causes  the  dissolved  oxygen  of  the  river  water  to 
decrease.  The  amount  of  organic  matter  consumed  during 
respiration  can  be  estimated  from  the  night-time  decreases  of 
dissolved  oxygen  (Odum  1956). 

During   the  day,   photosynthesis  by  algae  and  other 
aquatic  plants  produces  free  oxygen  and  converts  carbon 
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dioxide  to  organic  matter.  If,  at  any  point  in  time,  the 
pho tosyn the  tic  rate  of  the  algae  and  aquatic  plants  is 
greater  than  the  respiration  rate  of  the  stream  organisms, 
then  the  dissolved  oxygen  concentration  and  organic  matter  in 
the  river  will  increase.  The  net  gain  in  organic  matter  is 
known  as  net  community  primary  productivity  (NCPP)  .  Net 
community  primary  productivity  is  determined  from  the 
positive  day-time  changes  of  dissolved  oxygen  in  the  river 
(Odum  1956). 

Gross  primary  productivity  (GPP)  measures  how  much 
organic  matter  would  be  produced  by  photosynthesis,  if 
respiration  were  not  occurring  during  the  day.  It  is 
calculated  by  adding  the  net  community  primary  production  to 
the  respiration  that  occurs  during  the  photoperiod  (Naiman 
1983)  . 

Net  daily  metabolism  and  the  ratio  of 
production/respiration  (P:R)  are  community  metabolism 
variables  which  determine  the  relative  importance  of  the  two 
main  food  sources  to  stream  organisms.  Net  daily  metabolism 
is  calculated  by  subtracting  the  amount  of  respiration  which 
occurs  over  a  24  hour  period  (known  as  diel  respiration)  from 
the  gross  primary  productivity  of  that  same  2  4  hour  period. 
The  P:R  ratio  is  calculated  by  dividing  the  gross  community 
primary  productivity  by  the  diel  respiration. 

If  the  net  daily  metabolism  is  positive  or  the  P:R  ratio 
is  greater  than  1.0,  then  photosynthesis  by  algae  provides  a 
dominant  food  source  and  the  community  is  considered 
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autotrophic.  If  the  net  daily  metabolism  is  negative  or  the 
P:R  ratio  is  less  than  1.0,  then  the  stream  organisms  are 
converting  more  organic  matter  into  energy  than  algal 
photos  yTT  thesis  can  provide;  and,  in  this  scenario  the 
community  is  considered  heterotrophic.  Under  heterotrophic 
conditions,  the  organic  matter  being  consumed  is  either 
"surplus"  organic  matter  produced  by  algal  photosynthesis 
during  other  times  of  the  year  or  it  may  be  from 
al  lochthonous    inputs    of    organic    matter. 

There  are  several  methods  for  measuring  community 
metabolism  (Hall  and  Moll  1975;  Bott  et.  al.  1978).  In  the 
open  water  (or  "free  water")  techniques,  water  samples  are 
collected  from  the  stream  at  regular  intervals  for  a  24  hour 
period.  These  samples  are  analyzed  for  either  dissolved 
oxygen  concentrations  (Odum  1956;  McDiffett  et.  al.  1972)  or 
dissolved  carbon  dioxide  concentrations  (Wright  and  Mills 
1967).  The  diurnal  changes  in  dissolved  oxygen  (or  carbon 
dioxide)  concentrations  are  then  used  to  calculate  metabolism 
as  described  above  in  Table  A-l.  except  the  influence  of 
groundwater  inputs  and  gas  diffusion  on  the  dissolved  oxygen 
concentration  must  be  considered  and  corrected  for.  In 
turbulent  streams,  the  determination  of  a  gas  exchange  coef- 
ficient may  be  difficult  and/or  the  correction  for  gas 
diffusion  may  be  greater  than  the  metabolic  activity  being 
measured    (Bott   et.   al.    1978). 

These  problems  are  circumvented  with  the  use  of  chambers 
or  light-dark  incubation  bottles  for  estimating  benthic  and 
water    column     metabolism     respectively.       Since     the    changes    of 
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dissolved  oxygen  (or  carbon  dioxide)  concentrations  within 
the  chambers  or  incubation  bottles  are  due  only  to  the 
metabolic  activity  of  the  enclosed  community,  estimates  of 
groundwater  inputs  or  gas  diffusion  are  not  required  for 
calculating  the  community  metabolism  variables. 
Unfortunately,  container  effects  may  occur  such  that  the 
environment  influencing  the  community  metabolism  within  the 
chamber  is  different  from  the  "real"  environment 
(Kowalczewski  and  Lack  1971;  Rogers  et.  al.  1978;  Jeppesen 
1982;  Nowell  and  Jumars  1984).  We  believe  these  container 
effects  would  be  negligible  when  using  chambers  to  determine 
community  metabolism  as  a  measure  of  water  quality 
degradation . 

However,  since  rivers  are  spatially  very  heterogeneous, 
measurements  of  community  metabolism  would  require  many 
chambers  (Bott  et  al.  1978).  Furthermore,  to  detect  impacts 
of  kraft  mill  effluent  would  require  even  more  chambers  due 
to  the  statistical  needs  of  replication.  The  logistics  of 
operating  so  many  chambers  and  the  difficulty  of  obtaining 
material  from  certain  areas  of  the  river  (e.g.  pools)  made 
determination  of  community  metabolism  for  the  total  river 
community  impractical.  Because  of  these  difficulties, 
efforts  were  concentrated  on  determining  the  metabolism  of 
the  river's  riffle  communities  as  a  measure  of  water  quality 
degrada t  ion  . 

The  riffle  communities  were  chosen  as  study  sites 
because    these    communities    are    the    portion    of    the    river    where 
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autotrophic  productivity  occurs  (Margalef  1965)  and  because 
these  sites  are  more  accessible  than  other  parts  of  the 
river.  If_the  kraft  mill  effluent  contained  nutrients,  then 
the  net  community  primary  productivity  of  the  riffle 
communities  were  expected  to  increase.  If  addition  of 
organic  matter  from  the  kraft  mill  caused  a  significant 
impact  on  the  river,  decomposers  like  "sewage  fungus"  were 
expected  to  develop  in  the  riffle  communities  which  would 
cause  respiration  to  dominate  primary  productivity  in  these 
communities    (Boyle    and    Scott    1984). 
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APPENDIX  B. 

Organ  i_c_  Matter  and  Other  Water  Chemi  stry  ya_r  iab  1  e s 

From  the  water  samples  taken  during  November  and  August, 
turbidity,  chloride,  sulfate,  sodium,  and  alkalinity  were 
found  in  greater  concentrations  at  the  riffle  sites 
downstream  of  the  kraft  mill  than  the  riffle  sites  upstream 
of  the  kraft  mill  (see  Table  14.).  Large  concentrations  of 
these  variables  were  found  in  the  kraft  mill  wastewater  (see 
Table  13.)  so  the  increased  concentrations  of  these  variables 
in  the  Clark  Fork  River  downstream  of  the  kraft  mill  might 
have  been  due  to  the  addition  of  kraft  mill  wastewater  to  the 
river.  This  interpretation  should  be  made  cautiously  because 
turbidity,  sulfate,  and  alkalinity  changed  seasonally  at  all 
four  riffle  sites,  indicating  that  other  factors  were  present 
influencing  the  values  obtained  for  these  variables.  Sodium 
and  chloride  did  not  experience  these  seasonal  changes  at  all 
four  riffle  sites.  The  sodium  and  chloride  concentrations  of 
the  downstream  site  did  not  increase  as  much  during  August  as 
during  November.  This  "seasonal"  difference  was  probably  due 
to  the  direct  discharge  program  of  the  kraft  mill.  The  kraft 
mill  was  not  direct  discharging  wastewater  when  the  August 
water  chemistry  samples  were  collected,  but  the  kraft  mill 
was  direct  discharging  wastewater  when  the  November  water 
chemistry  samples  were  collected.  The  increase  of  sodium  and 
chloride  concentrations  at  the  riffle  sites  downstream  of  the 
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kraft  mill  during  August  was  probably  due  to  groundwater 
seepage  of  kraft  mill  wastewater.  The  introduction  of  the 
wastewater's  elevated  sodium  and  chloride  concentrations  to 
the  river7  might  have  affected  the  organic  carbon  dynamics  of 
the    Clark    Fork    River. 

The  dissolved  organic  carbon  (DOC)  and  particulate 
organic  carbon  (POC)  concentrations  of  the  river  water 
increased  at  all  riffle  sites  from  November  to  August.  The 
DOC  concentrations  were  the  same  among  sites  during  November 
and  August  (see  Table  14.).  The  POC  concentrations  were  the 
same  among  the  riffle  sites  during  November,  but  during 
August,  the  POC  concentrations  were  greater  at  the  riffle 
areas  downstream  of  the  kraft  mill  than  the  upstream  riffle 
sites.  The  increased  POC  concentrations  might  have  been  due 
to  enhanced  photosynthesis  in  the  mixing  zone  which  resulted 
from  the  addition  of  nutrients  from  the  kraft  mill  or  might 
have  been  directly  due  to  the  addition  of  organic  matter  in 
the    kraft    mill    wastewater. 

Recent  macroinver tebr ate  (mainly  stream  insects)  studies 
in  the  Clark  Fork  River  by  the  Institute  of  Paper  Chemistry 
(Rades  1985)  suggested  that  increases  in  f i 1 te r- f eed i ng 
caddisflies  (Hyd  ropsyche)  immediately  downstream  of  the  kraft 
mill  were  probably  a  result  of  introducing  kraft  mill 
wastewater  into  the  Clark  Fork  River,  but  before  1984  no 
wastewater  was  directly  discharged  into  the  river  during  the 
summers.  The  increased  abundance  of  caddisflies  was  limited 
to  those  areas  of  the  river  influenced  by  the  upwelling  of 
wastewater    in   groundwater    seepage    from    the    rapid    infiltration 
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basins     (Rades     1985). 

Filter  feeders  are  not  believed  to  feed  directly  on 
dissolved__oxganic  carbon.  Instead,  it  is  thought  that  DOC  is 
converted  to  POC  before  the  organic  matter  can  be  consumed  by 
the  filter  feeders  (Lush  and  Hynes  1978).  The  mechanisms  for 
the  formation  of  POC  from  DOC  include:  1)  changes  in  the 
physico-chemical  properties  of  river  water  such  as  changes  in 
pH,  calcium  ion  concentration  (i.e.  hardness),  salinity,  and 
turbulence  (Lush  and  Hynes  1973,  1978;  Wallace  and  Merritt 
1980;  Mulholland  1981;  Jensen  and  Sondergaard  1982;  Krueger 
and  Waters  1983);  2)  adsorption  onto  specific  clay  mine: 
amorphous  solid  phases  of  hydrous  aluminum  and  iron  oxides, 
and  fine  particulate  matter  (Dahm  1981);  and  3)  the 
scavenging  of  bacteria,  dissolved  organic  matter,  and  other 
microfines  by  bubbles — produced  either  by  the  metabolism  of 
aquatic  plants  and  decomposers,  or  generated  at  the  surface 
of  the  river  by  turbulence  (Wallace  and  Duce  1978;  Norhrans 
1980;     Durako    et    al.    1982;     Weber    et    al.    1983;     Wotton     1984). 

Since  the  kraft  mill  wastewater  had  greater  salinity  and 
hardness  than  the  Clark  Fork  River,  the  concentration 
gradient  to  the  lower  hardness  and  salinity  of  the  river 
could  have  caused  the  formation  of  POC  from  the  DOC  of  the 
river,  or  from  the  DOC  of  the  wastewater  as  the  wastewater 
seeped  into  the  river.  The  kraft  mill  wastewater  was  also 
found  to  contain  high  concentrations  of  iron  (unpubl.  data  of 
the  Montana  Water  Quality  Bureau)  and  aluminum  (USEPA  1985). 
If    these    metals    formed    oxides,    the    DOC   could    have    adsorbed 
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onto  these  oxides  and  formed  particulate  organic  carbon. 
A  possible  impact  of  the  year-round  direct  discharge 
program  on  the  Clark  Fork  River  could  be  to  increase  the 
amount  of  POC  in  the  river  even  more  due  to  the  direct 
addition  of  organic  matter  in  the  effluent  and  due  to  the 
gradient  of  hardness  and  salinity  between  the  effluent  plume 
downstream  of  the  kraft  mill  outfall  and  the  ambient  river 
water  quality.  During  the  summer  of  1984,  the  Institute  of 
Paper  Chemistry  noted  an  increased  abundance  of  caddisflies 
on  both  sides  of  the  river  immediately  downstream  of  the 
kraft  mill  outfall,  whereas  before  the  year-round  direct 
discharge  program  was  initiated  (April  7,  1984),  the 
increased  abundance  of  caddisflies  was  only  noted  on  the  side 
of  the  river  influenced  by  wastewater  seepage  from  the  rapid 
infiltration  basins.  After  deducting  the  autochthonous 
inputs  of  organic  matter  from  the  benthos  of  the  Clark  Fork 
River,  Ekisola  (1985)  found  that  more  organic  matter 
accumulated  on  the  river  bottom  downstream  of  the  kraft  mill 
(in  the  mixing  zone)  than  upstream  of  the  kraft  mill  during 
the  autumn  of  1984.  According  to  the  the  water  quality  data 
of  the  Montana  Water  Quality  Bureau  (unpublished  data,  MWQB) , 
there  was  no  sustained  pattern  of  increased  concentrations  of 
total  volatile  solids  (another  measure  of  organic  matter) 
downstream  of  the  wastewater  mixing  zone  that  could 
definitely  be  attributed  to  the  kraft  mill  except  during  the 
spring  freshet.  The  transport  of  POC  might  not  be  a 
continuous  process,  but  might  be  a  discrete  and  stochastical 
(i.e.    unpredictable)     process.       Temporary    increases    of    DOC, 
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POC,  and  nutrient  concentrations  had  been  shown  to  occur  as  a 
result  of  storm  runoff  in  several  streams  (Lush  and  Hynes 
1978;  Wallace  et  al.  1982;  Casey  and  Farr  19  8  2-;  Verhoff  et 
al.  1982).  Hence,  significant  downstream  transport  of  the 
POC  in  the  Clark  Fork  River  might  occur  primarily  after  storm 
events . 

The  increased  abundance  of  filter  feeders  below  the 
kraft  mill  outfall  was  similar  to  abundance  patterns  observed 
downstream  of  lake  outlets  (Oswood  1976;  Sheldon  and  Oswood 
1977;  Carlsson  et  al.  1977;  Valett  1985)  and  fens  (Erman  and 
Chouteau  1979).  The  observed  abundance  patterns  of  these 
filter  feeders  were  believed  to  be  a  result  of  changes  in 
food  quality  rather  than  food  quantity  (Carlsson  et  al.  1977; 
Valett  1985).  Comparisons  of  these  "natural"  gradients  of 
caddisfly  abundance  to  the  effects  of  adding  kraft  mill 
wastewater  to  the  river,  would  imply  that  the  organic  matter 
of  the  kraft  mill  wastewater  has  a  high  food  quality  to 
stream  insects.  Wotton  (1984)  suggested  that  fine  POC  formed 
from  DOC  would  have  a  higher  food  quality  than  POC  formed 
from  the  decomposition  of  coarser  particulate  organic  carbon. 
Hence,  the  kraft  mill  wastewater  could  be  an  important  source 
of    food    to    the    stream    insects    in    this    reach    of    the    river. 
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INTRODUCTION 

This  report  summarizes  information  resulting  from  the 
analysis  of  macroinvertebrate  samples  obtained  by  staff  of 
the  Montana  Department  of  Health  and  Environmental  Sciences 
(DHES)  along  the  Clark  Fork  River  and  tributaries.   Most 
samples  were  obtained  using  a  modification  of  Hornig  and  Pollard's 
(  1978)  Standard  Traveling  Kick  Method  ( STKM )  (Appendix  I). 
Deep-water  samples  were  obtained  by  the  use  of  a  petite  ponar 
grab.   Five  seasons  are  represented  in  this  study:   spring, 
summer,  and  fall  of  1984  and  spring  and  summer  of  1985. 

After  analysis  of  the  first  season's  data  was 
underway,  a  decision  was  made  to  replicate  all  subsequent 
samples  in  order  to  provide  information  on  the  reliability 
(variability)  of  the  data.   Four  separate  samples  were 
obtained  and  analyzed  at  each  sampling  site  during  each  of 
the  remaining  four  seasons,  except  in  a  few  instances  where 
breakage  during  transit  or  other  accident  destroyed 
samples.   Montana  DHES  staff  took  extensive  field  notes  and 
photographed  each  site;  they  preserved  the  samples  in 
alcohol  and  cleaned  the  samples  of  plant  matter  and  other 
debris  prior  to  shipping  them  to  C.  E.  Hornig  for  analysis. 
Beginning  with  the  summer  1984  data,  most  larger  samples 
were  further  divided  into  quarter-  or  half-replicates  and 
only  one  quarter  or  one  half  per  replicate  was  analyzed. 
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This  was  done  to  save  costs  and  effort,  and  all  data 
presented  in  this  report  have  been  corrected  (multiplied  by 
two  for  halved  replicates  and  by  four  for  quartered 
replicates)  to  reflect  this. 

Except  as  indicated  above,  each  individual  macro- 
invertebrate  specimen  was  identified  to  the  lowest 
practical  taxonomic  level  and  the  number  of  individuals 
present  enumerated  and  recorded.   The  taxonomic  works 
consulted  are  included  in  the  bibliography  to  this  report 
and  a  summary  list  of  all  species  found  is  included  as  an 
appendix.   (The  raw  data  have  been  provided  to  the  Montana 
DHES  over  the  course  of  the  past  two  years.)   Various 
statistics  were  also  calculated,  with  the  use  of  a  TRS-80 
microcomputer,  for  purposes  of  analysis  and  interpretation. 
These  included  percentage  distributions  for  each  sample 
(replicates  combined  where  applicable),  Shannon's  diversity 
indices  for  each  sample  (Margalef,  1958),  and  percentage 
similarity  coefficients  both  among  replicates  and  among 
sites   within   a  season  (Goodall,  1978).   These  data  have 
also  been  provided  to  DHES  staff  and  are  summarized  in  this 
report . 

The  data  comprise  macroinvertebra te  community  descriptions 
that  can  be  used  to  help  evaluate  impacts  of  major  land  and 
water  use  patterns  occurring  within  the  study  area. 


*Many  of  the  Chironomidae  identifications  should  not  be  considered 
definitive.   However,  identifications  are  consistent  throughout  the 
study  except  as  noted  in  Appendix  III. 
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OVERVIEW 
Community  Structure  and  Composition 

The  middle  Clark  Fork  basin  supports  a  rich  macro- 
invertebrate  fauna.   Over  200  taxa  were  identified  in 
samples  collected  in  this  study,  with  as  many  as  60 
different  taxa  present  at  one  time  at  individual  sites. 
Diversity  values  ranged  well  over  4.0,  indicating  a  fairly 
healthy,  not  heavily  stressed  environment  at  all  study  sites 

Several  factors  contribute  to  the  difficulty  of 
interpreting  the  diversity  values,  however.   First,  western 
Montana  is  known  to  support  one  of  the  most  diverse  aquatic 
insect  faunas  in  North  America.   The  values  obtained  in  the 
present  study  may  or  may  not  be  unusually  high  for  this 
area.   Second,  the  comparison  of  diversity  values  obtained 
in  one  study  with  those  obtained  in  others  is  very 
difficult.   Taxonomic  identifications  in  particular, 
especially  for  midges,  may  vary  greatly  in  precision  and  • 
scope.   Third,  some  work  has  shown  that  high  diversity 
values  may  be  more  indicative  of  a  disturbed  than  of  a 
pristine  ecosystem.   The  main  inference  that  can  be  drawn 
from  the  diversity  values  obtained  for  the  Clark  Fork 
River,  then,  is  that  the  river  is  not  severely  degraded. 
Lesser  impacts  cannot  be  ruled  out. 
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Similarity  coefficients  are  a  measure  of  the  degree  to  which 
two  faunal  collections  are  alike  in  terms  of  species  composition. 
Both  within-site  ( between-replicate )  and  among-site  similarity 
coefficients  were  calculated  for  this  study.   The  majority  of  the 
within-site  values  were  in  or  near  the  70»s.   Thus,  between-site 
values  in  the  60's  can  be  considered  quite  high,  approaching  those 
found  between  replicate  collections,  whereas  those  below  40  suggest 
substantial  differences  in  the  fauna.   Between-site  similarity 
coefficients  (Appendix  II)  were  often  high  throughout  long  segments 
of  the  Clark  Fork,  indicating  a  high  degree  of  faunal  consistency. 

The  presence  of  large  numbers  of  non-dipteran  aquatic 
insects,  such  as  mayflies,  also  indicates  a  stream  not 
heavily  stressed  by  pollutants.   However,  the  high 
abundance  of  insects  (such  as  the  caddisfly  Cheumatopsyche ) 
that  are  relatively  tolerant  of  pollution  and  the  low 
diversity  (for  this  part  of  North  America)  of  the  generally 
pollution-sensitive  stoneflies  (Plecoptera)  suggest  a 
stream  that  has  undergone  some  degree  of  pollution  impact. 


• 


Productivity 


Abundance  data  at  all  but  the  most  downstream  Clark 

Fork  sites  are  comparable  to  data  for  the  Blackfoot  River 

site,  ranging  from  one  to  several  thousand  individuals 

collected  per  site.   Since  the  invertebrate  density  of  the 

Blackfoot  supports  a  good  trout  fishery  (Gary  Ingman,  DHES , 

personal  communication) ,  it  is  likely  that  fish  food 

availability  is  not  a  limiting  factor  for  Clark  Fork 

salmonid  populations. 
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DISCUSSION 

Spatial  and  Seasonal  Differences  in  Macroinvertebrate 
Populations  and  Communities 

This  discussion  will  center  on  specific  patterns  that 
are  apparent  between  individual  taxa  and  known  external 
environmental  factors  for  a  selected  group  of  sites  (sites 
4  through  9)  during  one  season  (summer,  1985)  in  order  to 
suggest  the  nature  and  complexity  of  such  analysis.   More 
general  community  differences  (contrasts  in  similarity  and 
diversity  statistics,  shifts  in  dominant  taxa)  will  be 
discussed  on  a  broader  scale  for  each  season.   The  general 
population/environment  relationships  described,  together 
with  information  from  other  systems,  can  be  used  as  the 
basis  of  additional  specific  interpretations. 

Environment-Population  Relationships: 
Sites  4  through  9,  Summer  1985 

Sites  4  through  9  were  chosen  for  scrutiny  because 
they  are  tightly  spaced  along  a  9.5-mile  reach  of  river  in 
the  vicinity  of  Missoula,  Montana.   Additionally,  the 
Missoula  Wastewater  Treatment  Plant  (WWTP)  represents  a 
major  source  of  nutrient  pollution  loading  to  the 
middle  reaches  of  the  Clark  Fork  River  (Gary  Ingman, 
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Montana  DHES ,  personal  communication.)    Summer  1985  was 
chosen  because  (1)  similarity  values  were  higher  among 
sites  4-9  during  summer  1985  than  for  any  other  group  of 
sites  for  any  one  season;  (2)  the  near-record  low  water 
flows  of  1985  would  tend  to  maximize  the  impact  of  nutrient 
loading  due  to  increased  settling  out,  lesser  dilution,  and 
higher  water  temperatures;  (3)  operational  problems 
occurred  during  this  period  that  resulted  in  pollution 
loading  exceeding  permit  limitations  (Gary  Ingman,  DHES, 
personal  communication);  (4)  thorough  site  descriptions  and 
substrate  photographs  were  available;  and  (5)  low  between- 
replicate  variability  for  all  sites  (i.e.  high  between- 
replicate  similarity  coefficients)  lent  strong  credibility 
to  the  data.   This  study  was  intended  both  as  a  means  to 
obtain  baseline  water-quality  information  and  as  a  way  to 
assess  the  impact  of  specific  point  sources  of  pollution,  and 
the  conditions  listed  above  provided  a  good  opportunity  to 
illustrate  how  changes  in  the  macroinvertebrate  communities 
can  reflect  environmental  changes  and  conditions. 

Site  6  had  the  smallest  amount  of  plant  biomass  as 
indicated  by  site  descriptions  and  photographs  of 
periphyton  and  laboratory  descriptions  of  organic  matter 
collected.   Correspondingly,  the  total  number  of 
invertebrates  collected  at  this  site  was  considerably  less 
than  that  for  the  other  sites  in  this  group.   Because  it 
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has  the  least  amount  of  periphyton  of  the  five  sites,  site 
6  can  be  considered  a  good  reference  site  for  looking  at 
the  response  of  individual  invertebrate  populations  to 
increases  in  primary  productivity  and,  more  importantly, 
because  of  the  radically  different  quality  of  the 
periphyton  between  sites  4,  5  and  6  (upstream  of  the 
Missoula  WWTP)  on  the  one  hand  and  sites  8  and  9 
(downstream  of  the  WWTP)  on  the  other,  site  6  is  also  a 
good  reference  for  assessing  population  response  to  the 
type  or  quality  of  organic  material  present  (i.e.  location 
relative  to  the  WWTP).   Additionally,  site  6  is  the 
furthest  downstream  site--and  thus  the  most  distant   from 
known   sources   of   heavy  metal  pollution  located 
upstream--of  those  sites  upstream  from  the  Missoula  WWTP. 
Finally,  site  6  also  has  the  highest  average  similarity  to 
each  of  the  other  sites  for  summer  1985  (47%).   For  these 
reasons  site  6  was  chosen  as  the  reference  site  for 
purposes  of  this  discussion  and  site  6  data  will  be 
presented  first. 

Macroinvertebrates  and 
Substrate  of  Site  6 

The  site  6  macroinvertebrate  collection  for  summer 
1985  is  rich  in  taxa  (61  total)  with  a  relatively  high 
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diversity  (4.0).   The  community  structure  generally  fits 
the  pattern  of  an  unstressed  or  lightly  stressed  community, 
i.e.  there  are  a  few  abundant  taxa  but  no  single  taxon  is 
overwhelmingly  dominant.   Excluding  the  10  most  common 
taxa,  no  single  taxon  contributes  more  than  one  percent  of 
the  collection. 

There  are  three  co-dominants  (Cheumatopsyche , 
Symphitopsyche  coc  kerelli ,  and  Baetis  insignif icans )  in 
this  collection,  constituting  in  total  55%  of  the 
individuals  collected.   This  confirms  the  representativeness 
of  site  6  in  that  one  or  the  other  of  these  three  taxa  is 
the  most  abundant  taxon  at  each  of  the  Clark  Fork  sites 
between  4  and  25.   The  four  taxa  next  most  abundant  at  site 
6  ( Baetis  tricaudatus ,  Polypedilum ,  Hydropsyche 
occidentalis ,  and  Tricorythodes  minutus)  were  also  commonly 
found  at  many  sites  down  to  site  21. 

The  substrate  at  site  6  consisted  of  many  large 
cobbles  (over  256  mm)  and  a  considerable  amount  of  fines 
interspersed  among  the  cobbles.   The  cobbles  were  well 
cemented  to  the  underlying  material.   Periphyton,  although 
present,  was  not  luxuriant  and  only  covered  60%  of  rocks. 
It  was  difficult  to  scrape  off,  with  half  the  material 
consisting  of  diatoms.   Replicate  one  had  somewhat  more 
organics  and  a  correspondingly  higher  count  of  total 
numbers  and  of  hydropsychid  caddisflies.   Otherwise  there 
was  little  difference  between  the  replicates  in  faunal 
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composition,  as  reflected  in  high  between-replicate 
similarity  coefficients,  or  in  quantity  of  material  or 
insects  collected. 

Macroinvertebrates  and  Substrate, 
Sites  4,  5,  8  and  9 

Site  4  -  The  substrate  at  this  site,  located  just 
downstream  of  Milltown  Dam,  was  luxuriant  with  periphytic 
growth.   This  growth  was  qualitatively  very  different  from 
the  growth  smothering  the  substrate  at  site  8  and  resembled 
that  found  at  site  6.   The  substrate  was  somewhat  cemented. 
Absolute  counts  of  macroinvertebrates  were  more  than  double 
those  obtained  for  site  6. 

Site  5  -  The  amount  of  periphyton  at  this  site  was 
intermediate  between  that  at  site  4  and  at  site  6  but 
similar  in  type  to  that  found  at  these  two  sites.   The 
total  number  of  organisms  collected  was  also  intermediate 
between  that  for  site  4  and  that  for  site  6. 

Site  8  -  Although  the  rocks  were  well  embedded,  this 
site  was  characterized  by  very  heavy  periphyton  growth  that 
can  be  considered  a  potential  cause  for  the  doubling  in 
total  abundance  at  this  site  in  comparison  to  site  6. 

Site  9  -  Periphyton  and  total  abundance  were  both 
intermediate  between  that  found  at  site  6  and  that  found  at 
site  8. 
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Variations  in  Community 
Composition,  Sites  4-9 

The  communities  at  these  five  sites  are  generally 
similar,  as  expressed  in  high  between-site  similarity 
coefficients.   The  proportion  of  the  collection  made  up  of 
the  dominant  hydropsychid  (net-spinning  caddisfly)  taxa 
remained  relatively  constant.   Several  other  common  taxa, 
however,  appeared  to  respond  differently  to  changes  in 
substrate  or  periphyton  characteristics,  including  rock 
size  and  quality  or  type  (as  well  as  quantity)  of  organic 
matter . 

Taxa  which  may  be  considered  candidates  for  indicating 
changes  in  conditions  created  by  nutrient  loading  from  the 
Missoula  WWTP  are  those  which  have  populations  that  respond 
differentially  to  the  periphytic  accumulations  at  site  8 
versus  site  4:   Optioservus,  Zaitzevia,  Micropsectra , 
Chironomus,  Cricotopus  ,  and  Serra tella  tibialis  .   S. 
tibialis  is  a  particularly  prime  candidate  because  of  its 
opposite  responses  to  the  two  types  of  periphyton  (i.e.  it 
seems  to  respond  positively  to  the  type  of  periphyton  found 
upstream  of  the  WWTP  and  negatively  to  that  found 
downstream) .   Changes  in  the  community  composition 
involving  such  species  should  be  watched  closely  for 
evidence  that  nutrient  loading  is  increasing. 


-255- 


1 1 


General  Spatial  Patterns, 
Summer  1985  Collections 

The  greatest  differences  in  biota  relative  to  the 
remainder  of  the  river  were  found  at  the  most  downstream 
sites,  27  and  31.   The  dominant  taxa  at  site  27  reflected 
the  effects  of  dam  release  on  invertebrate  collections: 
Cladocerans,  probably  "refugees'*  from  the  reservoir,  were 
the  dominant  taxon,  with  other  abundant  taxa  consisting  of 
midges,  beetles,  and  worms.   Site  31  biota  reflected  the 
depositional  nature  of  this  site.   The  most  abundant  taxon 
here  was  Paralep tophlebia  bicornuta ,  a  leptophlebiid  mayfly 
equipped  with  tusks  for  adaptation  to  a  burrowing  habit. 
The  next  two  must  abundant  taxa  were  a  Chrionominae  midge 
and  the  mayfly  Tricorythodes  minutus ,  whose  gills  are 
adapted  to  avoid  damage  or  smothering  from  sand  or  silt. 

A  very  substantial  change  in  faunal  composition  also 
occurred  downstream  of  the  Flathead  River  (sites  24  and 
25),  where  Cheumatopsyche  was  the  only  upstream-abundant 
taxon  that  remained  dominant.   Dramatic  abundance  decreases 
occurred  for  Symphi topsyche  cockerelli  and  Baetis 
insignificans,  two  highly  abundant  taxa  at  all  Clark  Fork 
sites  upstream  of  the  Flathead.   Snails  were  common 
elements  at  sites  24  and  25,  while  they  were  not  found 
upstream  of  these  sites.   In  general,  the  fauna  of  the 
Clark  Fork  below  the  vicinity  of  site  21  shifted  from  one 
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dominated  by  mayflies  and  caddisflies  to  one  dominated  by 
midges  or  snails.   Diversity,  however,  did  remain  high, 
with  55  taxa  collected  at  site  24  and  35  taxa  at  site  31. 

The  dominance  patterns  from  the  middle  reaches  of  this 
survey  (sites  11-15  in  the  vicinity  of  Frenchtown)  were 
somewhat  distinct  from  both  upstream  sites  (4-9)  and 
downstream  sites  (19-25)  in  that  Cheumatospsyche ,  although 
still  common,  dropped  in  abundance  and  was  no  longer  the 
first  or  second  most  abundant  taxon  (Fig.  1).   Baetis 
insignif icans ,  consistently  abundant  from  sites  1  to  21, 
occupied  the  position  of  most-dominant  taxon  at  sites  11-  ■ 
15.   The  fast  colonization  rates  known  to  be  characteristic 
of  Baetis  mayflies  may  partly  explain  their  consistently 
high  populations.   The  fairly  common  mayfly  Nixe 
simplicioides  showed  a  trend  opposite  to  that  exhibited  by 
Cheumatopsyche ,  dramatically  increasing  in  abundance  at 
these  sites  (Fig.  2). 

Faunal  composition  of  summer  collections  from  the 
mouths  of  the  major  Clark  Fork  tributaries  are  quite 
distinct.   The  Blackfoot  River  site  (site  2)  was  highly 
dominated  by  a Tanytars in i  midge.   Chief  components  of  the 
Bitterroot  River  (site  10)  collection  were  blackflies, 
riffle  beetles,  and  Baetis  mayflies.   Samples  from  the 
slow-moving  Flathead  River  (site  23)  were  predominately 
snails  (a  different  genus  than  that  common  in  the  Clark 
Fork),  amphipods,  aquatic  earthworms,  and  the  mayflies 
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Stenonema  and  Paraleptophlebia  bicornuta  also  found  in  the 
lower  Clark  Fork.   Because  these  tributaries  (with  the 
exception  of  the  Flathead)  support  abundant  and  diverse 
invertebrate  populations  that  include  individuals  of  most 
species  found  in  the  mainstem,  they  can  be  considered  an 
important  source  of  potential  recoloniza tion  populations  in 
the  event  of  catastrophe  striking  the  Clark  Fork. 

Comparison  with  Summer 
1984  Survey  Fauna 

The  large  differences  in  the  hydrograph  between  summer 
1984  and  summer  1985  were  reflected  in  major  changes  in  the 
invertebrate  composition  of  the  Clark  Fork  River  between 
these  two  years.   The  fauna  generally  shifted  away  from 
collector-gatherer  mayflies  to  collector- filterer  net- 
spinning  caddisflies  ( Hydropsychidae )  during  summer  1985. 
Figures  3  and  4,  in  comparison  to  Figures  1  and  2  presented 
earlier,  demonstrate  this  shift  for  the  caddisfly 
Cheumatopsyche  and  the  common  mayfly  Nixe  s impl icioides . 
This  shift  might  be  explained  in  terms  of  substrate,  flow, 
and  food  conditions  favoring  large  populations  of  the 
resident  hydropsychids ,  in  turn  preventing  the 
establishment  of  the  mayflies  in  large  numbers. 

Although  the  Clark  Fork  summer  residents  underwent 
large  alterations  in  abundance  between  1984  and  1985,  the 
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common  taxa  were  all  present  in  both  years.   More 
importantly,  as  comparison  of  Figures  1  and  2  with  3  and  4 
will  again  illustrate,  the  general  spatial  differences 
trends--i.e.  the  general  pattern  of  longitudinal  variation 
in  fauna  upstream  or  downstream  along  the  Clark  Fork-- 
remained  constant.   The  richness  of  taxa  and  degree  of 
dominance,  as  reflected  in  the  diversity  values,  were  also 
very  similar  in  summer  1984  and  summer  1985,  especially  for 
sites  1  to  11  (Figure  5). 

Because  the  Nixe  simplicioides  population  is 
particularly  high  at  site  13  and  to  a  lesser  extent  at 
sites  14  and  15,  this  species  may  have  been  responding  to 
the  impact  of  Champion  Mill  effluent  and  it  is  recommended 
that  this  be  kept  in  mind  in  future  years.   However,  this 
may  also  be  simply  a  response  to  naturally  occurring 
conditions  reaching  optimum  at  about  the  location  of  site 
13.   Note  that  N.  simplicioides  numbers  began  to  increase 
upstream  of  the  mill  at  site  11. 

Comparisons  with  Other  Seasons:   Spring 
1984,  Spring  1985,  Fall  1984  Data 

The  seasonal  succession  of  Clark  Fork  insects  follows 
the  typical  pattern  of  a  f as t- li fe-cycle  summer  fauna  and  a 
slow-life-cycle  fall- through-spring  fauna  characteristic  of 
most  temperate  streams.   During  the  fall  through  spring 
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months,  the  river  water  is  relatively  homogeneous 
throughout  most  of  its  length,  particularly  in  terms  of 
current  and  temperature.   As  a  result,  longitudinal 
gradation  of  the  fauna  is  relatively  less  than  that  found 
in  the  summer.   During  the  summer,  a  distinct  gradient  of 
temperature  occurs  and  flows  are  low  enough  to  create  a 
large  variety  of  habitats  (shallow  riffles,  pools,  runs, 
and  all  gradients  in  between).   During  the  higher  flow 
conditions  of  spring,  the  river  becomes  one  long  fast- 
flowing  run  with  little  development  of  pools  or  shallow 
riffles.   The  more  consistent  conditions  in  the  spring  or 
fall  result  in  a  greater  dominance  of  the  more  adaptable 
taxa,  lowering  diversity  indices  throughout  the  system 
compared  to  the  summer  (Figures  6,  7).   Between-site 
similarities  also  tend  to  be  higher  in  the  fall  due  to  the 
greater  uniformity  of  water  quality  and  substrate 
conditions  (see  Appendix  II). 

Ephemerella  inf requens  dominated  the  majority  of  sites 
between  1  and  21  during  spring  1984,  fall  1984,  and  spring 
1985.   In  general,  hydropsychid  caddisflies  are  relatively 
much  less  important  during  fall  and  spring,  while  mayflies 
become   correspondingly  more  important. 

Spring  1985--As  with  summer  1985  collections,  the 
dominant  taxa  from  sites  19  and  21  are  more  similar  to 
those  upstream  of  site  11  than  to  those  in  the  vicinity  of 
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Frenchtown  (sites  11-15).   At  these  sites,  the  midge 
Orthocladius  obumbratus  greatly  increases  in  abundance, 
replacing  even  Fphemerella  infrequens  as  the  most  abundant 
taxon .   0.  obumbratus  also  dominates  the  collections  taken 
below  Flathead  River.   The  pollution-sensitive  winter 
stonefly  (Capniidae)  is  common  at  most  sites  upstream  of 
the  Flathead,  suggesting  that  pollution  is  not  significant 
at  this  time. 

Spring  1984--The  lower  numbers  collected  during  spring 
1984  compared  to  the  other  seasons  is  an  artifact  of 
sampling  effort.   During  this  intial  survey,  only  one 
sample,  rather  than  four,  was  taken  at  each  site,  and 
although  each  spring  1984  sample  covered  a  larger  substrate 
area  than  subsequent  samples,  the  results  still  cannot  be 
considered  comparable  in  terms  of  sampling  effort. 
However,  community  composition  data  (relative  abundances) 
can  be  compared  with  that  of  other  seasons  since  the  basic 
sampling  method  was  identical. 

Diversity  indices  remained  quite  similar  at  comparable 
sites.   (Sites  6,  15,  21,  and  31  were  subsequently  moved.) 
The  overall  dominance  pattern  in  the  Frenchtown  area  (sites 
11-15),  however,  was  not  the  same  as  for  1985.   The  sites 
were  not  dominated  by  0.  obumbratus  but  instead  followed 
the  same  pattern  of  Emphemerella  infrequens /Baetis 
tricaudatus  dominance  characteristic  of  all  the  sites  from 
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1  to  21.   Among  the  stoneflies,  the  perlodid  Isoperla  fulva 
was  relatively  more  abundant  and  Capnia  relatively  less 
abundant  in  spring  1984  in  comparison  to  spring  1985. 

Fall  1984--The  fall  1984  collections  contained  much 
higher  numbers  of  invertebrates  than  other  seasons.   Fall 
is  a  "recruitment"  season  for  the  fall-to-spring  fauna, 
with  spring  fauna  consisting  of  the  survivors  of  those 
hatched  in  fall.   Between-site  similarity  coefficients  were 
very  high,  approaching  the  within-site  similarities 
( Appendix  II)  ,  attributable  largely  to  the  preponderance  of 
the  mayflies  Ephemerella  infrequens  and  Baetis  tricaudatus. 
As  these  same  mayflies  dominate  the  Blackfoot  and 
Bitterroot  collections  (sites  2  and  10),  there  was 
especially  high  similarity  between  these  and  the  Clark  Fork 
collections  during  this  season. 

As  for  other  seasons,  the  fauna  below  the  Flathead  and 
again  below  Thompson  Falls  Dam  was  quite  distinct  from  that 
of  the  upstream  Clark  Fork  River  (sites  1  to  21).   For 
example,  the  mayfly  Stenenema  (a  genus  more  typical  of  the 
eastern  U.S.)  reached  very  high  numbers  at  site  25  but  was 
almost  nonexistent  upstream  of  the  Flathead. 

Diversity  values  show  a  sharp  drop  at  site  13  compared 
to  neighboring  sites,  and  similarities  were  typically  very 
low  (average  35)  for  this  site.   The  algal-feeding 
caddisfly  Hydroptila  and  the  large-cased  midge 
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Microtendipes  reached  their  highest  numbers  at  this  site 
and  Ephemerella  inf requens  its  lowest  number.   For 
Hydroptila,  this  may  have  been  a  naturally  occurring 
optimum;  however,  the  Microtendipes  pattern  does  not  fit 
this  hypothesis  and  the  E^  inf requens  follows  a  classic 
impact-recovery  pattern  with  a  sudden  drop  in  numbers  at 
site  13  and  gradual  increase  through  sites  14  and  15. 
Oligochaeta ,  Hydropsyche ,  Symphitopsyche ,  Isogenoides ,  and 
Rhi throgena  populations  also  seem  to  have  responded  to 
changed  environmental  conditions  between  sites  11  and  13. 
The  possibility  of  impact  from  Champion  Mill  effluent 
during  this  season  should  be  considered.   Although  at  this 
time  the  impact  can  be  classified  as  subtle  and  does  not 
approach  those  often  found  downstream  of  major  pollutant 
outfalls,  the  taxa  noted  above  as  seeming  to  be  responsive 
to  changed  conditions  should  be  monitored  with  especial 
care,  like  the  sensitive  taxa  identified  above  from  summer 
1984  data  for  sites  4-9.   These  alterations  in  similarity 
and  diversity  occurring  downstream  from  Champion  Mill  are 
evident  only  in  the  fall  1984  data. 
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Ponar  Samples 


Pools 


During  summer  1984  (only),  ponar  samples  were  taken  at 
several  Clark  Fork  River  pools  in  order  to  assist  in  the 
evaluation  of  the  possible  effects  of  Champion  Mill  on  Clark 
Fork  water  quality.   Sample  sizes  were  small  (10-150 
individuals  in  each  sample)  and  the  area  of  bottom  habitat 
sampled  was  limited,  precluding  the  inference  of  definitive 
conclusions.   Patterns  of  faunal  richness  and  abundance 
appeared  to  be  most  closely  related  to  the  type  of  substrate 
material  collected  with  the  specimens,  however,  rather  than 
to  proximity  to  the  mill.   Those  samples  containing  finer 
materials  tended  to  have  higher  numbers  of  individuals  and 
more  different  species  than  those  samples  containing  mostly 
gravel.   Most  abundant  taxa  collected  were  Oligochaetes 
(especially  evident  in  samples  containing  organics)  and  the 
Chironomids  Phaenopsectra  and  Microtendipes  .   ( Phaenopsec tra 
was  most  abundant  at  sites  closest  to  Champion  Mill  and 
further  study  of  its  indicator  potential  might  be  warranted.) 
The  mayfly  Nixe  simplicioides  was  frequently  found  among 
these  Clark  River  pool  sites.   These  data  do  not  provide 
evidence  of  any  water  quality  impact  attributable  to  Champion 
Mill. 
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Reservoir  Ponar  Samples 


Ponar  samples  were  also  taken  throughout  the  study  from 
reservoirs  along  the  Clark  Fork  River.   As  would  normally  be 
expected  in  reservoirs,  midges  and  aquatic  worms  made  up 
virtually  all  of  the  organisms  collected.   Samples  from 
Thompson  Falls  and  Cabinet  Gorge  reservoirs  yielded  a  rich 
midge  fauna  plus  a  few  scattered  insects  of  other  types 
(total  number  of  taxa  collected  over  five  seasons  was  35  for 
Thompson  Falls  and  3^  for  Noxon  Rapids).   In  contrast, 
Milltown  and  Noxon  Rapids  yielded  very  sparse  collections 
(only  16  and  14  taxa,  respectively). 

Oligochaetes  were  the  most  frequently  and  abundantly 
collected,  with  numbers  reaching  well  into  the  hundreds  at  a 
given  site  and  season.   Of  the  midges,  the  predaceous 
Procladius  was  frequently  and  often  abundantly  collected  at 
all  but  Milltown  Reservoir,  where  it  was  not  seen,  and 
Chironomus  was  frequently  and  of ten  abundantly  collected  at  all  but 
Cabinet  Gorge  Reservoir,  where  it  was  not  found.   A  few  other 
midges  were  abundant  on  a  more  local  and/or  a  more  seasonal 
basis  (for  example  Polypedilum  and  Paralauterborniella  during 
summer  collections  at  Thompson  Falls). 

Milltown  Reservoir  collections  never  contained  much 
other  than  Oligochaetes  and  Chironomus  midges;  Noxon 
Reservoir  collections  never  contained  much  other  than 
Oligochaetes  and  Chironomus  and  Procladius  midges.   Cabinet 
Gorge  Reservoir  collections  generally  contained  diverse  fauna 
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(except  during  spring  of  1985,  when  only  two  specimens  of  one 
midge  taxon  were  collected).   Thompson  Falls  Reservoir 
yielded  diverse  collections  at  all  times. 

These  collections  indicate  a  severely  stressed 
environment  at  Milltown  Reservoir,  a  somewhat  stressed  but 
improved  environment  at  Noxon  Reservoir  (where  Procladius  was 
present),  and  generally  favorable  environments  at  Thompson 
Falls  and  Cabinet  Gorge  Reservoirs  (with  the  exception  of  the 
anomalous  collection  from  Cabinet  Gorge  for  spring  1985). 

A  master  list  of  all  species  collected  by  both  kick  and 
ponar  techniques,  with  indications  as  to  which  species  are 
dominant  by  stream  reach,  is  incorporated  as  Appendix  III  of 
this  report.   Appendix  IV  presents  information  on  the  sampling 
stations  in  the  form  of  a  table. 
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Appendix  I.   Description  of  Che  Modified  Traveling-Kicknet 

Macroinvertebrate  Sampling  Technique  Used  in  the  Lower  Clark 
Fork  Study  * 


The  technique  used  in  this  study  for  collection  of  benthic 
macroinvertebrate  samples  was  a  modification  of  a  method  described  by 
Kinney  et  al  (1977)   .   An  aquatic  "D"-net  (Ward's  10W0620)  with  a  36 
centimeter  (cm)  long  nylon  net  composed  of  9  strands/cm  (22  mesh)  was  used 
to  collect  untimed,  approximately  equal-surface  area  kick  samples  of  Clark 
Fork  mainstem  and  major  tributary  macrobenthos . 

Samples  were  collected  by  holding  the  net  at  arms  length  in  front  of 
and  downstream  from  the  investigator  while  traveling  slowly  downstream  and 
vigorously  kicking  and  overturning  the  streambed  material  to  a  depth  of 
several  inches.   The  entire  contents  of  the  net  were  transferred  to  pint  or 
quart  glass  jars,  preserved  in  70%  ethanol  and  returned  to  the  laboratory 
for  sorting,  organism  counting  and  species  identifications. 

Five  samplings  were  conducted  at  each  of  the  shallow-water  biological 
monitoring  stations  on  a  seasonal  basis  from  March  1984  to  August  1985. 
During  the  initial  sampling  (Spring  1984),  only  one  sample  was  collected 
from  each  station.   Approximately  4  square  feet  was  disturbed  in  an  area  of 
moderately  fast  current  (about  1.5  to  2.5  ft. /sec.)  followed  by  the 
disturbing  of  about  two  square  feet  in  slow  to  moderate  current  (about 
0-5-1.5  ft. /sec).   The  combined  sampling  constituted  one  sample;  the  net 
contents  were  transferred  to  the  sample  jar  after  each  area  had  been 
sampled.   Where  possible,  rich  sites  (those  with  piles  of  rocks  providing  a 
large  area  for  colonization)  were  selected  at  each  station.   Riffles  were 
selected  for  the  moderately  fast  water  samplings  whenever  available. 

During  subsequent  seasonal  samplings  (summer,  fall  1984;  spring, 
summer  1985) ,  four  smaller  surface  area  replicates  were  collected  at  each 
station  in  order  to  increase  the  statistical  reliability  of  the  data.   Each 
replicate  was  collected  by  disturbing  about  two  square  feet  in  moderately 
fast  current  followed  by  about  one  square  foot  in  slow  to  moderate  current. 
Organisms  were  identified  and  counted  in  each  replicate.   However,  for 
purposes  of  data  analysis,  results  of  the  four  replicates  were  pooled. 

References 

1)    Kinney,  W.L.  Pollard,  J.E.  and  C.H.  Hornig.   In  Press.   Comparison  of 
Macroinvertebrate  Sample  As  They  Apply  to  Streams  of  Semi-Arid 
Regions.   Proceedings  of  the  Fourth  Joint  Conference  on  Sensing  of 
Environmental  Pollutants,  November  1988,  New  Orleans,  LA  1977. 


*This  description  was  provided  by  staff  of  the  Montana  Department 
of  Health  and  Environmental  Sciences. 
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Figure  IA.   Similarity  coefficients  for  kick  samples  taken  during 

spring  of  1984,  Clark  Fork  River  and  tributaries  (x  100). 
Coefficients  greater  than  40  are  underlined;  those  greater 
than  60  are  double-underlined.  0 
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Figure 

IB.       Similarity    coefficients    for    kic 

:k    sample; 

;    taker 

i    during 

summer  of  1984,  Clark  Fork  River  and  tributaries  (x  100). 
Coefficients  greater  than  40  are  underlined;  those  greater 
than  60  are  double-underlined.   (Replicate  data  for  each 
site  combined  .  ) 
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Figure  IC.   Similarity  coefficients  for  kick  samples  taken  during 

fall  of  1984,  Clark  Fork  River  and  tributaries  (x  100). 
Coefficients  greater  than  40  are  underlined;  those  greater 
than  60  are  double-underlined.   (Replicate  data  for  each 
site  combined.)  0 
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Figure  IE.   Similarity  coefficients  for  kick  samples  taken  during 

summer  of  1985,  Clark  Fork  River  and  tributaries  (x  100). 
Coefficients  greater  than  40  are  underlined;  those  greater 
than  60  are  double-underlined.   (Replicate  data  for  each  0 
site  combined  .  ) 
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INTRODUCTION 

During  the  evaluation  of  Champion  International  Corporation's  request  for  a  year 
around  discharge  permit,  it  was  argued  that  oxvgen  demanding  materials  could 
cause  reducing  conditions  to  develop  at  the  sediment-water  interface  which  in 
turn  could  increase  the  mobility  and  subsequent  bioavailability  of  metals 
present  in  the  sediments.   It  was  further  arqued  that  these  conditions  might 
exist  only  in  or  on  the  surface  of  the  substrate  and  would  therefore  not  be 
apparent  from  measurements  of  dissolved  oxygen  in  the  water  column. 

To  evaluate  the  above,  we  collected  pacific  crayfish  (Pacifastacus  trowbridqi) 
from  several  locations  in  the  Clark  Fork  River  drainage  including  locations  both 
upstream  of  and  downstream  from  the  pulp  mill;  copper  concentrations  were 
determined  in  selected  tissues  including  exoskeleton,  hepatopancreas ,  and  gill. 

He  reasoned  that  crayfish  were  an  appropriate  subject  for  this  evaluation 
because  they  have  a  relatively  small  home  range  (hence  migration  is  not  a  prob- 
lem) and  they  tend  to  inhabit  areas  of  low  current  velocity  where  deposition  of 
both  organic  material  and  metals  rich  suspended  solids  would  be  expected. 

Copper  was  chosen  over  other  metals  because  previous  work  (Phillips  1985^  has 
demonstrated  that  copper  is  present  in  the  Clark  Fork  River  at  higher  concen- 
trations than  other  metals  relative  to  its  toxicity.  Data  collected  in  the 
Clark  Fork  River  upstream  of  its  confluence  with  Rock  Creek  suggest  the  copper 
is  limiting  fish  populations  in  that  portion  of  the  river. 
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METHODS 


Sampl ing 

Crayfish  were  collected  from  several  locations  in  the  mainstem  of  the  Clark  Fork 
River  and  from  one  location  in  the  Bitterroot  River  (Fig.  1);  the  latter  served 
as  a  control.  Collection  occurred  from  SeDtember  10-14,  1984.  Sampling  sites 
included  downstream  of  Mi  11  town  Dam,  downstream  of  Missoula  but  upstream  of  the 
confluence  with  the  Bitterroot  River,  downstream  of  the  pulp  mill  outfall,  near 
Superior,  downstream  of  the  confluence  with  the  Flathead  River,  downstream  of 
Thompson  Falls  Dam,  and  downstream  of  Moxon  Dam.  Late  summer  sampling  was 
preferred  because  we  wanted  to  sample  crayfish  following  the  season  of  higher 
water  temperatures  and  lower  dissolved  oxygen  concentrations  and  after  the  first 
year  of  summer  discharge  by  the  Champion  International  Mill.  We  also  wanted  to 
collect  crayfish  well  after  their  spring  molting  but  prior  to  the  time  when  they 
mol t  in  the  fal 1 . 

Crayfish  were  captured  in  baited  traps  constructed  with  two  inch  funnel  openings 
at  each  end.  Traps  were  submerged  in  likely  crayfish  habitat,  fished  overnight, 
and  retrieved  the  following  day.  Sample  sizes  ranged  from  seven  to  ten  crayfish 
per  site.  So  as  not  to  introduce  bias,  we  discarded  crayfish  that  had  just 
completed  molting. 
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Figure   1.      Map  of   the  Clark   Fork   River   showing   locations  where  crayfish  were 
sampled    (indicated  by  arrows). 
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Analytical 

Tissues  analyzed  for  copoer  included  exoskeleton,  hepatopancreas  and  gill.  A 
few  samples  were  also  analyzed  for  cadmium;  however,  accuracy  checks  using 
National  Bureau  of  Standards  bovine  liver  indicated  that  the  level  of  error  was 
unacceptable;  cadmium  was  therefore  dropped  from   further  consideration. 

Tissues  were  dissected,  freeze  dried,  ground,  homoqenized  and  digested  in  nitric 
acid  prior  to  analysis  by  atomic  absorption  spectrophotometry  (Van  Meter  1974). 
The  instrument  used  was  a  Varian  AA  ?75  RD  unit  and  the  detection  limit  ^or 
copper  was  approximately  0.7  ug/g.  Analytical  work  was  contracted  to  the  fiordon 
Environmental  Studies  Laboratory,  University  of  Montana. 

Quality  control  measures  included  recovery  of  spiked  samples,  analysis  of 
National  Bureau  of  Standards  reference  materials,  and  analysis  of  duplicate 
samples  (both  from  separate  digestions  of  the  same  tissue  and  replicate  analysis 
of  material  from  the  same  digestion).  The  poorest  result  for  anv  of  the  Quality 
control  measures  for  copper  in  tissue  was  18°'  variation  between  duplicate 
digestions  of  one  of  the  reference  materials.   In  the  majority  of  cases,  howev- 
er, checks  on  accuracy  indicated  that  the  error  was  inside  of  10".  We  judged, 
therefore,  that  the  results  for  copper  were  acceptable. 

Statistics 

Duncan's  multiple  range  test  was  used  to  compare  sample  means  for  both  crayfish 
length  and  copper  in  exoskeleton  for  each  of  the  various  locations  (Steel  and 
Torrie  1960).  Linear  regression  analysis  was  employed  to  determine,  at  a  given 
location,  the  relationship  between  copper  in  exoskeleton  and  crayfish  length. 
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RESULTS 


From  two  of  the  locations,  below  Noxon  and  Mi  11  town  nams,  copper  was  determined 
in  gill  and  hepatopancreas  as  well  as  in  exoskeleton  (Table  1).  Copper  concen- 
trations were  more  than  an   order  of  magnitude  higher  in  gill  and  hepatopancrpas 
than  in  exoskeleton.  These  high  concentrations  are  probably  owing  to  the  fact 
that  copper  is  a  normal  constituent  in  the  hemolymph  of  crayfish,  playing  a  role 
similar  to  iron  in  mammalian  hemoglobin.  Copper  may  be  internally  reaulated  bv 
highly  vascularized  organs.  Consequent! v,  gill  and  hepatopancreas  of  crayfish 
r.ay  riot  be  appropriate  tissues  for  qauqing  ambient  copper  concentrations  in  the 
environment.  Exoskeleton  was  judged  to  be  the  tissue  that  best  fit  the  needs  of 
this  assessment. 

Crayfish  collected  below  Mi  11  town  Dam  were  significantly  smaller  (p<0.05l  than 
those  collected  from  several  other  locations  including  near  Superior,  downstream 
of  the  pulp  mill,  and  below  the  confluence  with  the  Flathead  River  ''Table  ?) . 
We  were  concerned  that  size  differences  could  bias  comparisons  between  locations 
because  many  bioaccumulati ve  chemicals  tend  to  increase  in  concentration  with 
size  and  age  of  the  organisms. 

.Accordinql  y,  we  evaluated  the  relationship  between  cravfish  length  and  copper  in 
exoskeleton  for  each  of  the  sampling  locations  usina  linear  regression  analysis 
(Table  3). 

In  all  instances  the  correlation  between  copper  in  exoskeleton  and  crayfish 
lenath  was  poor;  at  five  o£   the  eiaht  locations  the  coefficient  of  determination 
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Table  1.  A  comparison  of  copper  concentrations  fdry  weiqht)  in  various  tissues 
of  crayfish  collected  from  the  Clark  Fork  River. 


Location 


Tissue 


Clark   Fork,   below 
>loxon  Dam 


Clark  Fork,  below 
Mi  11  town  Dam 


Gill 

Hepatooancreas 

Exoskeleton 

5 
5 

10 

Gill 

Hepatopancreas 

Exoskeleton 

5 
5 

10 

Cooper  uq/q  Mrv  basis) 
Mean     Range     SD 


424 

495 

26 

388 

484 

34 


'84-560 

214-734 
12-53 

351-421 

372-652 
23-46 


115 

201 

14 

25 

85 

8 
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Table  2.  Lengths  of  crayfish  collected  from  the  Clark  Fork  drainage,  September 
10-14,  1984. 


Location 
and 

(sample  size) 


Crayfish  total  length  (in.) 


Mean  ±  SD 


Range 


Grouning' 


Clark  Fork,  near  Superior  (9)  4.3  +  0.4  3.6-4.9 

Clark  Fork,  below  Champion  (10)  4.2  ±  0.3  3.8-4.7 

Clark  Fork,  below  Flathead  River  (7)  4.2  ±  0.5  3.6-4.8 

Bitterroot  Piver,  control  (10)  4.1  ±  0.3  3.5-4.4 

Clark  Fork  River,  near  Missoula  (8)  4.0  ±  0.5  3.5-4.9 

Clark  Fork,  below  Noxon  (8)  4.0  ±  0.6  2.8-4.7 

Clark  Fork,  below  Thompson  Falls  (8)  3.8  ±  0.6  3.0-4.9 

Clark  Fork,  below  Mill  town  (10)  3.6  ±  0.5  3.1-4.5 


Means  within  the  same  line  are  not  significantly  different  from  each  other  (955 
confidence  level)  according  to  Duncan's  Multiple  Range  Test. 
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Table  3.  Regression  equations  and  coefficients  of  determination  showing  the 
Door  correlation  between  crayfish  length  and  copper  in  exoskeleton  for  several 
locations  in  the  Clark  Fork  River  drainage. 


Location 

and 

^sample  size) 


Regression 
(Cooper  =  a  lenqth  -b) 


Coefficient 

of 

determination 

n 


Bitterroot  River  -  control  (10) 

Clark  Fork,  near  Missoula  (10) 

Clark  Fork,  near  Superior  (10^ 

Clark  Fork,  below  Flathead  Piver  (8) 

Clark  Fork,  below  fin  town  0am  (10) 

Clark  Fork,  below  Champion  ^10) 

Clark  Fork,  below  Thompson  Falls  (9) 

Clark  Fork,  below  Noxon  Dam  (fO 


y  =  -?.2x+104 
v  =  -4x+40 
y  =  10x-?l 
y  -  -31x+173 

v  =  -3x+4fi 
v  =  -3x+35 
v  =  6x+18 
y  =  -!5x+R6 


0.47 
0.0K 
0.10 
0.36 
0.04 
0.03 
0.0? 
0.45 
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was  0.10  or  less.  We  therefore  conclude  that  differences  in  lenaths  of  crayfish 
collected  from  the  various  locations  did  not  bias  our  comparison  between  sites 
of  copper  in  exoskeletons . 

Crayfish  from  the  Bitterroot  River,  the  control  station,  had  the  lowest  copper 
concentrations  in  exoskeleton  of  all  the  locations  sampled  (Table  4).  They 
were,  however,  statistically  different  C p <T 0 . 05 "i  only  from  the  three  locations 
where  crayfish  contained  the  highest  concentrations  of  copper.  Diffuse  tailinqs 
deposits  located  throuqhout  the  upoer  Clark  Fork  watershed  frequently  cause  hi  ah 
cosoer  concentrations  in  Clark  Fork  River  water,  particularly  during  periods  of 
high-1  river  discharge  ^ Phillips  1 9 P. S ^ .  Fxceedences  of  criteria  for  the  pro- 
tection of  freshwater  aauatic  life  have  been  documented  in  the  Clark  Fork  River 
as  ^ar  downstream  as  Thompson  Falls  (Water  Quality  Bureau,  unpublished  dat.aV 
Comparatively,  copper  is  seldom  present  in  Bitterroot  River  Water  at  concen- 
trations above  the  analytical  detection  limit  tor  copper  ''Water  Quality  Bureau, 
unpublished  data).  Lower  copper  concentrations  in  crayfish  from  the  Ritterroot 
Diver  compared  to  the  Clark  Fork  Piver  is  consistent  with  water  quality  data. 

Highest  copper  concentrations  were  in  crayfish  collected  downstream  of:   (1) 
Mil1 town  Dam,  (2)  the  confluence  with  the  Flathead  River,  and  (3)  Thompson  Falls 
Dam.   In  the  case  of  the  latter  two  locations,  copper  concentrations  were 
statistically  higher  (p<0.05)  than  from  all  other  locations  sampled  ('Table  4), 

Higher  concentrations  at  locations  downstream  o*  the  Flathead  Piver  mav  be 
related  to  higher  water  temperatures  and  lower  oxvgen  concentrations  that  occur 
over  that  river  reach.  These  conditions  tend  to  increase  the  solubility  of 
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Table  4.  Copper  concentrations  in  exoskeletons  of  crayfish  collected  from  the 
Clark  Fork  River  drainage,  September  10-14,  1984. 


Location 
and 
(sample  size^ 


Copper  ug/q  (dry  basis) 

Mean  ±SD      Range        Groupinqs' 


Bitterroot  River  -  control  (10)  16±9  9-39 

Clark  Fork,  below  Champion  (10)  22±6  14-34 

Clark  Fork,  near  Superior  (9)  ?3±13  8-54 

Clark  Fork,  near  Missoula  (8)  24±6  14-33 

Clark  Fork,  below  Noxon  Ham  (8)  26±14  12-53 

Clark  Fork,  below  Mi  11  town  Dam  (10)  34+8  23-46 

Clark  Fork,  below  Flathead  River  (7)  41±25  14-72 

Clark  Fork,  near  Thompson  Falls  (8)  42±24  17-85 


Means  within  the  same  line  are  not  significantly  different  from  each  other  (95' 
confidence  level)  according  to  Duncan's  Multiple  Range  Test. 
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metals  and  also  the  metabolic  rates,  and  hence,  exposure  to  metals  by  organisms 
living  in  water.  Althouqh  higher  water  temperatures  and  low  oxygen  concentra- 
tions persist  downstream  of  Noxon  Reservoir,  copper  concentrations  tend  to  be 
lower  below  the  dam  than  upstream  (Water  Quality  Bureau,  unpublished  data). 
This   may  explain  the  lower  concentrations  of  copper  in  crayfish  from  below  Noxon 
Dam  and  suggests  that  the  reservoir  is  acting  as  a  sink  for  copper. 

Clearly,  our  interpretation  of  the  data  is  limited  by  relatively  small  sample 
sizes  and  a  somewhat  cursory  understanding  of  water  quality  and  physical  habitat 
parameters  at  each  of  the  locations  where  crayfish  were  sampled.  Nonetheless, 
no  statistically  significant  differences  ^ p <^ 0.05)  were  seen  ir  crayfish  col- 
lected immediately  upstream  from  and  downstream  of  the  Dulp  mill.  The  data  do 
not  support  the  hypothesis  that  the  Champion  International  discharge  is  an 
important  factor  in  the  mobilization  of  copper  and  its  subsequent  accumulation 
by  crayfish.  Silverman  and  Gordon  ^ 1983 )  were  also  unable  to  find  evidence  that 
the  pulp  mill  affects  metals  accumulation  by  crayfish. 
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SUMMARY 


1.   Copper  concentrations  were  much  higher  in  the  gills  and  hepatopancreas  of 
crayfish  than  in  exoskeleton.  Copper  is  a  normal  constituent  of  the 
hemolymph  of  crayfish,  playing  a  role  similar  to  iron  in  mammalian  hemo- 
globin. Because  o^  this,  copper  is  naturally  elevated  in  highly  vascular- 
ized tissues  such  as  gill  and  hepatopancreas.  Consequently,  these  tissues 
are  probably  not  appropriate  *or  this  type  of  monitoring. 

?.     ,  Crayfish  collected  below  Mi  11  town  Dam  were  sianif icantly  shorter  than 

crayfish  from  three  downstream  sampling  locations  (near  Superior  and  below 
Champion  and  the  Flathead  River).  However,  crayfish  length  was  poorly 
correlated  with  copper  in  exoskeleton  for  any  given  location,  consequently 
differences  in  crayfish  lengths  between  locations  should  not  bias  compari- 
son of  mean  copper  concentrations  in  exoskeleton. 

3.   Exoskeletons  of  crayfish  collected  below  Milltown  Dam  contained  higher 
copper  concentrations  than  crayfish  from  all  locations  except  below  the 
Flathead  River  and  near  Thompson  Falls.  However,  the  difference  was 
statistically  significant  only  in  the  case  of  the  Bitterroot.  The  lowest 
averaqe  copper  concentrations  were  in  crayfish  from  the  Bitterroot  River 
'the  control);  however,  these  were  not  significantly  lower  than  in  crayfish 
from  other  locations  including  below  Champion  and  Moxon  Dam,  and  near 
Missoula  and  Superior. 
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Copper  concentrations  were  significantly  higher  in  exoskeletons  of  crayfish 
collected  in  the  Clark  Fork  downstream  of  the  Flathead  River  and  near 
Thompson  Falls  than  at  all  other  locations  sampled  except  below  Mi  11  town 
Dam.  Several  factors  may  be  involved.  Copper  concentrations  in  Clark  Fork 
River  water  tend  to  gradually  decrease  as  you  move  downstream  from  Mi  11  town 
Dam.  However,  the  Flathead  River  is  warmer  than  the  Clark  Fork  hence  the 
Clark  Fork  is  warmer  downstream  of  its  confluence  with  the  Flathead. 
Higher  water  temperatures  increase  the  solubility  of  metals  and  the  meta- 
bolic rates  of   oroanisms  living  in  water.  Additionally,  the  Flathead  Piver 
experiences  lower  oxygen  sags  than  the  Clark  Fork,  hence  minimum  oxvgen 
'concentrations  ?.re   lower  in  the  Clark  Fork  downstream  o^  +he  Fl?.thead  River 
than  upstream.  Lowered  oxygen  concentrations  increase  the  respiration 
rates  or  organisms  living  in  water  and  thereby  increase  their  exposure  to 
chemicals  present  in  water. 

Below  Noxon  Dam,  copper  concentrations  in  crayfish  return  to  the  lower 
concentrations  found  in  crayfish  upstream  from  the  confluence  with  the 
Flathead  River.  Water  temperatures  continue  to  be  higher  and  dissolved 
oxygen  concentrations  lower  downstream  of  Noxon  Dam  but  Water  Quality 
Bureau  data  show  that  copper  was  never  present  at  detectable  levels  below 
Noxon.  Noxon  Reservoir  is  probably  a  sink  for  copper. 

No  statistically  significant  differences  were  seen  in  copper  present  in 
crayfish  collected  immediately  upstream  from  and  downstream  of  the  pulp 
mill.  The  data  do  not  support  the  hypothesis  that  the  Champion  Interna- 
tional discharge  is  an  important  factor  in  mobilisation  of  copper  and  its 
subsequent  accumulation  by  crayfish. 
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NOTE:   This  paper  will  be  published  in  the  proceedings  of  the  Clark  Fork 
River  Symposium,  January  1986. 

COPPER,  ZINC,  AND  ARSENIC  IN  BOTTOM  SEDIMENTS  OF 
CLARK  FORK  RIVER  RESERVOIRS—PRELIMINARY  FINDINGS 


Carolyn  Johns  and  Johnnie  Moore 

Geology  Department 

University  of  Montana 

Missoula,  MT   59b 12 


Abstract — Acetic  acid  extracts  of  sediments  from  four  Clark  Fork  River  reser- 
voirs,— Milltown,  Thompson  Falls,  Noxon  Rapids,  and  Cabinet  Gorge — indicate 
that  mining  and  smelting  operations  in  the  upper  drainage  have  enriched  metal 
concentrations  throughout  the  river.   Milltovm  Reservoir  contains  metal  values 
over  10  times  the  background  levels  for  copper,  zinc,  and  arsenic.   Enrichment 
over  background  decreases  downstream  where  the  lower  reservoirs  contain  copper 
and  zinc  concentrations  4  to  10  times  over  background  values.   In  the  lower 
reservoirs  arsenic  is  not  elevated  over  background.   These  trends  suggest  that 
contaminants  have  been  transported  over  350  miles  from  the  major  source  of 
r.etals  in-  the  upper  draiTiage  and  very  likely  reside  in  the  sediments  of  the 
Clark  Fork  River  delta  in  Lake  Pend  Oreille. 


INTRODUCTION 

The  Clark  Fork  River  originates  in  the  Anaconda-Butte  region  from  the 
confluence  of  Silver  Bow  Creek,  Mill  Creek,  Willow  Creek,  and  Ware  Springs 
Creek.   Silver  Eow  Creek  has  received  wastes  from  raining  activities  in  Butte 
and  a  series  of  three  settling  ponds  were  built  on  its  lower  reacli  to  contain 
smelting  wastes  from  ore  processing  at  the  Washoe  copper  smelter  in  Anaconda. 
Until  the  settling  ponds  were  constructed  in  1954-55,  mining  and  smelting 
operations  discharged  wastes  directly  into  the  creek  and  these  wastes  moved 
into  the  Clark  Fork  River  unimpeded  and  untreated.   Over  the  interval  from  the 
1880's  until  the  mid-1950's,  many  thousands  of  tons  of  effluent  found  their 
way  into  the  upper  Clark  Fork  River  drainage.   Since  the  construction  of  the 
settling  ponds  and  the  subsequent  liming  treaLment  of  the  industrial  wastes, 
contaminant  input  to  the  river  from  the  ponds  decreased  dramatically  except 
for  a  few  occasions  when  the  dikes  were  breached. 

In  addition  to  the  mining  and  smelting  wastes  transported  downstream  in 
the  river,  river-borne  tailings  have  been  deposited  across  the  flood  plain  in 
the  Deer  Lodge  Valley,  causing  significant  impacts  to  riparian  systems  (for 
example,  7_,  _8) .   Remobilization  of  contaminated  flood  plain  sediments  may 
provide  a  source  of  continued  contaminant  input  to  the  Clark  Fork  River  (6). 
The  extent  of  the  impacts  to  the  river  and  adjacent  riparian  areas  downstream 
have  not  been  fully  delineated. 

In  November  1981  the  Montana  Department  of  Health  and  Environmental 
Sciences  discovered  elevated  arsenic  levels  in  water  from  four  community 
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drinking  wells  in  Milltown,  Montana.   Arsenic  concentrations  ranged  fron  0.22 
to  0.51  rag/L  in  the  wells.   These  levels  caused  immediate  concern  on  the  part 
of  State  and  local  health  officials  since  the  Federal  Safe  Drinking  l-.ater 
Standard  for  arsenic  specifies  0.05  mg/L  as  the  upper  safety  lir.it.   A 
reconnaissance  hydrcgeological  study  identified  four  possible  sources  of  the 
arsenic  contamination:   (1)  a  wood  products  mill  north  of  the  wells,  (2)  an 
abandoned  industrial  dump  southeast  of  the  wells,  (3)  the  adjacent  Milltown 
Reservoir  containing  an  unknown  quantity  of  smelting  and  mining  sediment  fro:;; 
upriver,  and  (4)  a  deep  bedrock  ground  water  system  underlying  the  contami- 
nated reservoir  (12). 

Noting  previous  work  on  heavy  metal  concentrations  in  the  accumulated 
reservoir  sediment  (1_)  ,  we  thought  that  the  reservoir  would  be  the  most 
probable  source  of  the  well  contamination  and  obtained  four  grab  samples  of 
sediment  in  February  1982  by  cutting  through  the  ice.   These  sediment  samples 
contained  from  54  to  135  Ug/g  arsenic,  5  to  95  Pg/g  lead,  259  to  1357  ug/g 
manganese,  and  66  to  2880  Ug/g  zinc.   As  a  result  of  the  hydrologic  work  and 
the  sediment  metal  levels,  the  Environmental  Protection  Agency  (UFA)  ranked 
the  Milltown  Reservoir  as  site  198  of  the  initial  AGO  Superfund  sites.   In 
July  19c3  we  began  a  study  of  Milltown  Reservoir  sediments  as  part  of  a 
Remedial  Investigation  funded  by  EPA  and  the  Montana  State  Solid  and  Hazardous 
Waste  Bureau  to  evaluate  the  sediments  as  the  likely  source  of  arsenic  contam- 
ination of  the  ground  water  in  Milltown.   We  found  arsenic,  copper,  zinc,  and 
other  heavy  metal  concentrations  to  be  highly  and  significantly  elevated  in 
the  Clark  Fork  arm  of  the  Milltown  Reservoir  as  compared  to  both  the  Blackfoot 
arm  of  the  reservoir  and  levels  reported  in  the  literature  (5,6,13). 

Milltown  Reservoir  is  the  first  major  impoundment  below  the  smelting  and 
mining  districts  in  the  Anaconda-Butte  area  and  may  have  trapped  most  of  the 
sediment-carried  metals.   However,  occasional  releases  from  the  Warm  Springs 
settling  ponds  have  occurred  and  eyewitness  reports  tell  of  the  Clark  Fork 
River  "running  rec"  with  sediment  (R.C.  Averette,  USGS  Water  Resources 
Division).   If  the  "red"  sediment  contained  large  amounts  of  heavy  metals  and 
arsenic,  some  portion  may  have  continued  to  repositories  downstream  from 
Milltown  Reservoir.   Addition  of  sediment  from  other  large  tributaries 
(Litterroot,  Flathead,  Jocko,  and  Thompson  Rivers  J  below  Milltown  may  have 
diluted  the  metals  passing  through  Milltown  so  that  the  reservoirs  downstream 
may  be  relatively  uncontamina ted .   To  explore  for  the  lower  boundary  of  mining 
and  smelting  impacts  to  the  Clark  Fork  River,  we  sampled  bottom  sediments  fret, 
three  downstream  impoundments — Thompson  Falls,  Noxon,  and  Cabinet  Corgc 
Reservoirs—to  sec  whether  the  sediments  contained  elevated  heavy  metal  and 
arsenic  levels. 

The  objectives  of  this  paper  are  threefold:   (1)  to  summarize  findings  at 
Milltown  Reservoir  for  comparative  purposes;  (2)  to  present  early  findings 
from  sediment  extracts  from  the  three  downstream  reservoirs;  and  (3)  to 
examine  some  preliminary  downriver  trends  in  arsenic,  copper,  and  zinc  concen- 
trations in  the  reservoir  bottom  sediments. 


PHYSICAL  SETTING 

Milltown  Reservoir,  the  first  major  impoundment  on  the  Clark  Fork  River, 
lies  approximately  115  river  miles  downstream  from  the  Warm  Springs  Ponds 
(fig.  1).   The  reservoir  is  formed  by  a  small  dam  built  in  1907-08  at  the  con- 
fluence of  the  Clark  Fork  and  Blackfoot  Rivers  and  is  currently  owned  by  the 
Montana  Power  Company.   The  dam  presently  contains  five  turbines  which  produce 
from  2.5  kW  at  low  flow  to  a  maximum  of  3.4  kW  at  high  flow  (Phil  Smith,  1965, 
Montana  Power  Company,  Missoula).   The  Milltown  Reservoir  itself  is  small, 
only  about  1.23  miles  in  total  length.   The  reservoir  is  full  of  sediment  and 
is  therefore  quite  shallow  throughout  except  for  the  two  main  channels  of  the 
Clark  Fork  and  Blackfoot  Rivers.   Due  to  the  large  quantities  of  sediment 
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Figure  1.   Location  nap.   1,  Milltown  Reservoir;  2,  Thompson  Falls  Reservoir; 
3,  N'oxon  Rapids  Reservoir;  A,  Cabinet  Gorge  Reservoir. 


already  accumulated,  the  reservoir  probably  no  longer  stores  much  new  sediment 
and  most  of  the  recent  suspended  sediment  load  of  the  Clark  Fork  probably 
passes  through  the  reservoir  and  on  downstream. 

The  second  major  impoundment  on  the  river  is  the  Thompson  Falls  Dam,  also 
owned  and  operated  by  Montana  Power  Company.  It  lies  approximately  2&G  river 
miles  downstream  from  the  Warm  Springs  Ponds.  The  reservoir  formed  by  the  dam 
is  also  relatively  small,  approximately  2  miles  in  effective  length.  The  deep 
Clark  Fork  channel  bisects  the  reservoir  into  shallower  southern  and  northern 
:  rtions.  Most  of  the  sediments  are  sandy;  small  areas  or  medium  to  fine  silt 
deposition  occur  along  the  banks. 
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Noxon  Rapids  Dam  lies  roughly  320  river  miles  downstream  from  Che  Warm 
Springs  Ponds.  Built:  in  1959,  it  has  a  maximum  generating  capacity  of  554, GOU 
kW  and  is  owned  and  operated  by  Washington  Water  Power  Company  (WWPC) .  The 
reservoir  behind  the  dam  covers  8,000  surface  acres  and  can  exceed  150  feet  in 
depth.  Sediments  in  the  mainstem  of  the  reservoir  are  predominantly  medium 
and  fine  silts  with  little  sand  and  very  little  clay.  Broader  areas  of  the 
reservoir  are  accumulating  more  sediment  than  the  narrow  portions. 

The  final  hydroelectric  impoundment  above  Lake  Pend  Oreille  is  the 
Cabinet  Corge  Dam  which  lies  25  miles  downriver  from  Noxon  Rapids  Dan  and 
approximately  345  river  miles  downstream  from  the  Warm  Springs  Ponds.   Also 
owned  and  operated  by  WWPC,  the  facility  was  constructed  in  1952  and  has  a 
generating  capacity  of  230,000  kW.   In  the  lower  15  or  16  miles  of  the  reser- 
voir, sediment  is  accumulating  in  only  the  broad  areas  of  the  reservoir. 


METHODS 

Sample  Collection 

Grab  samples  of  bottom  sediment  were  taken  in  each  reservoir  to  assess 
the  presence  or  absence  and  lateral  distribution  of  arsenic  and  other  metals. 
Each  grab  sample  was  collected  with  a  Peterson  dredge.   The  sediment  that  had 
contacted  the  interior  metal  surface  of  the  dredge  was  discarded;  the  remain- 
ing sediment  was  scooped  into  a  previously  acid-washed  plastic  quart  contain- 
er.  The  full  container  was  capped  and  stored  in  ice  for  transport  to  the 
laboratory.   At  Milltown  Reservoir  27  grab  samples  were  collected  in  the  Clark 
Fork  arm  of  the  reservoir;  10  grabs  were  collected  from  the  Blackfoot  arm  of 
the  reservoir  (fig.  2).   At  Thompson  Falls  Reservoir  seven  grab  samples  were 
collected  (fig.  3).   Fourteen  grab  samples  were  collected  from  Noxon  Reservoir 
due  to  its  larger  si^e  and  the  a  priori    judgment  that  most  fine  sedimentb 
would  accumulate  there  (fig.  4).   These  grab  sample  sites  included  two  sites 
for  local  background:   the  upper  mouths  of  Vermilion  Creek  and  Trout  Creek. 
Seven  grab  samples  were  taken  from  Cabinet  Gorge  Reservoir  between  the  town  of 
Noxon  on  the  upstream  end  and  the  Rock  Islands  toward  the  downstream  end  of 
the  reservoir  (fig.  5).   One  sample  was  taken  within  the  mouth  of  the  Bull 
River  as  a  local  background  reference. 

Due  to  the  shallow  depth  of  the  Milltown  Reservoir,  core  samples  were 
taken  there  with  a  hand-emplaced  coring  tube  ot  PYC.   The  inner  core  tube 
liner  consisted  of  acid-washed,  fitted  10-cm  long  sections  of  PVC  tube.   When 
the  corer  was  removed,  the  individual  inner  core  tube  sections  were  removed 
and  capped,  then  stored  in  ice  for  transport  to  the  lab  (for  details  see  13). 
The  lower  reservoirs,  being  considerably  deeper,  necessitated  using  a  gravity 
corer.   The  corer  was  lined  with  a  clear  acetate  tube  which  was  acid  rinsed 
then  rinsed  with  reservoir  water  before  each  use.   This  corer  could  sample  up 
to  45  cm  depths.   Most  cores  collected  were  25  cm  long.   Several  cures  hit 
gravel  at  approximately  35-40  cm.   Each  core  was  extruded  and  divided  into 
5-cm  intervals,  stored  in  acid-washed  plastic  containers,  and  kept  on  ice  for 
transport  to  the  lab.   Three  cores  were  collected  in  the  Thompson  Falls 
Reservoir  in  the  shallow  embayment  near  the  highway  (fig.  3).   Five  cores  were 
collected  from  Noxon  Reservoir  (fig.  4). 

Sample  Preparation 

All  sediment  samples  were  prepared  in  the  laboratory  using  one  of  two 
3-step  extraction  schemes.   Milltown  and  Blackfoot  samples  were  centrifuged, 
in  the  case  of  the  grab  samples,  to  remove  interstitial  water.   Core  samples 
had  Che  interstitial  water  removed  by  nitrogen  gas  displacement  followed  by 
filtration  through  a  0.45-micron  millipore  filter  (see  13) .   Samples  from  the 
lower  reservoirs  were  subjected  to  longer  transit  times  between  collection  and 
preparation,  so  instead  of  displacing  the  interstitial  water,  an  ammonium 
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Figure  2.   Milltown  Reservoir  sampling  sices.   Circles  represent  grab 
squares  represent  cores. 


sarr.pies; 
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Figure  A.   Sampling  sites  at  Noxon  Rapids  Reservoir.   Circles  represent  grab 
samples;  diamonds  represent  cores. 


Figure  5.   Sampling  sites  at  Cabinet  Corge  Reservoir. 
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acetate  (1  M)  extraction  was  used  to  remove  metals  held  on  the  ion  exchange 
sites  of  the  sediircr.t  (Thompson  and  others  1983;  4).   This  extraction  was 
performed  by  shaking  dried,  powdered  sediment  with  1  M  ammonium  acetate 
(sediment :  solution  ratio  equaled  1:20)  for  2  hours.   The  mixtures  were  then 
centrifuged,  the  supernatant  decanted  and  filtered  through  a  0.45-micron 
millipore  filter.   The  extract  was  acidified  with  nitric  acid  to  ph  2  for 
preservation. 

In  the  second  step  of  both  3-step  schemes,  residual  sediment  was  dried, 
repowdered,  and  extracted  with  25%  (v/v)  acetic  acid  (_3,  Thompson  and  others 
1983)  to  remove  metals  held  in  amorphous  iron  oxides,  some  manganese  hydrous 
oxides,  and  some  organic  fractions.  Samples  were  shaken  with  25%  acetic  acid 
for  12  hours,  cennrifuged,  and  the  supernatant  filtered  through  a  0.45-micron 
r.iilipove  filter. 

In  the  final  step,  "total"  metals  were  determined  ar.d  represent  those 
metals  held  in  the  most  resistant  fractions,  including  organic  components  and 
silicate  lattices.   For  Milltown  Reservoir  samples,  including  the  Blackfoot 
arm  samples,  arsenic  and  copper  were  extracted  by  4-hour  digestion  in  hot  aqua 
regia  (3:1  KC1:  HN03) .   Zinc  was  determined  on  lithium  metaboratc  fusions  uf 
the  sediment  *  (2_,J_3)  .   "Total"  metal  digestions  on  the  lower  reservoir  sedi- 
ments are  done  utilizing  hot  refluxing  nitric  acid.   These  digestions  have  not 
been  completed  and  are  not  discussed  here. 


Quality  Assurance 

Quality  assurance  activities  included  (1)  reagent  blanks  analyzed  blind 
for  each  extract  type,  (2)  replicate  extractions  or  digestions,  (3)  digestion 
of  N2S  sediment  standards  (SRM  1645  River  Sediment  and  SRM  1646  Estuarine 
Sediment),  (4)  splits  of  sample  extracts  submitted  blind  for  analysis, 
(5)  duplicate  analyses  of  extracts  by  the  laboratories,  and  (o)  spike  recover- 
ies for  each  element  in  each  matrix. 

Metal  concentrations  in  acetic  acid  blanks  were  uniformly  low.  Arsenic 
averaged  1.7  Ug/L  in  the  Milltown  study  blanks  and  0.005  rcg/L  in  the  blanks 
from  the  lower  reservoir  study.  Copper  concentrations  in  the  reagent  blanks 
averaged  0  mg/L  and  0.01  mg/L  for  the  Milltown  and  lower  reservoir  studies, 
respectively.  Zinc  averaged  0  mg/L  in  the  Milltown  study  blanks  and  0.02  mg/L 
in  the  lower  reservoir  study  blanks. 

For  the  Milltown  study,  duplicate  acetic  acid  extracts  of  the  sediments 
were  performed.   The  average  percent  differences  from  the  mean  of  these  dupli- 
cate extracts  were  7.3%  for  arsenic  (n=14),  5%  for  copper  (n=13),  and  11.1% 
for  zinc  (n=16).   Triplicate  acetic  acid  extracts  were  performed  on  the  lower 
reservoir  sediment  samples.   The  average  relative  standard  deviations  were 
10.5%  for  arsenic,  2.4%  for  copper,  and  5.5%  for  zinc  (n=3  for  each). 

Duplicate  analyses  of  acetic  acid  extracts  performed  by  the  laboratories 
resulted  in  average  percent  differences  from  the  means  of  4.9%,  2.1%,  and  2.5% 
for  arsenic,  copper,  and  zinc  in  the  Milltown  study.   The  average  percent 
differences  from  the  means  of  duplicate  analyses  in  the  lower  reservoir  study 
were  2.1%  (n=9) ,  0.6%  (n=9) ,  and  3.3%  (n=9)  for  arsenic,  copper,  and  zinc, 
respectively. 

Spike  recovery  analyses  performed  on  the  acetic  acid  extracts  showed  high 
percent  recoveries  and  low  matrix  interference  effects.   For  the  Milltown 
study,  average  percent  recoveries  for  arsenic,  copper,  and  zinc  were  97% 
(n=12),  100%  (n=9) ,  and  109%  (n=9),  respectively.   Average  percent  recoveries 
for  the  lower  reservoir  study  samples  were  91%  (n=9),  105%  (n=9) ,  and  97% 
(n-9)  for  arsenic,  copper,  and  sine. 
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RESULTS  AND  DISCUSSION 

Table  1  summarizes  total  and  acetic  acid  extractable  concentrations  of 
arsenic,  copper,  and  zinc  in  the  surface  grab  samples  from  ail  reservoirs 
along  the  Clark.  Fork  River.   Total  copper  in  the  Clark  Fork  arir.  of  Milltown 
Reservoir  ranged  from  250  to  1000  ug/g,  averaging  44y  Ug/g.   The  acetic  acia 
extractable  copper,  which  represents  copper  held  on  sites  in  amorphous  iron 
oxides  and  some  of  the  manganese  hydrous  oxides,  averaged  241  Ug/g  and  ranged 
from  100  to  550  ug/g  in  the  Clark  Fork  portion  of  Milltown  Reservoir.   In 
contrast,  total  copper  in  sediments  of  the  Blackfoot  arm  of  Milltown  Reservoir 
averaged  only  23  ug/g,  with  a  range  of  11  to  32  ug/g.   For  comparison,  table  1 
also  reports  average  total  copper  values  for  shales  and  shallow  water  sedi- 
ments.  Total  copper  in  the  blackfoot  arm  of  Milltown  Reservoir  is  less  than 
the  A3  and  56  ug/g  reported  for  shales  and  shallow  water  sediments.   Total 
copper  in  the  Clark  Fork  arm  of  Milltown  Reservoir  sediments  clearly  greatly 
exceeds  these  average  expected  concentrations  and  concentrations  found  in  the 
adjacent  Blackfoot  arm  of  the  reservoir.   Acetic  acid  extractable  copper  in 
the  blackfoot  arm  averaged  5  Ug/g  with  a  range  of  3  to  8  ug/g.   In  both  arms 
of  Milltown  Reservoir  the  acetic  acid  fraction  of  sediment  copper  constitutes 
only  25%  to  50%  of  the  total  copper  present. 


Table  1. — Average  metal  concentrations  in  reservoir  sediments  along  the  Clark 
Fork  River  (all  as  ug/g  dry  weight  basis) . 


Thompson  Cab:nec      'Ave.    Shallow  Uater 

!lac'<font  Arra     Falls     Noxon     Gorge       Sr.aU      ""ScdlisenC 


j       Total    «"449;i77)  23;  7) 

Acetic     241(121)  5(2)          47(12)    43(6)      19(7) 

i      Total     1770(1430)  103(23.3)         ... 

Acetic    1330(1100)  11.0(6)        145(33)    135(2?)     111(22) 

i      Total      ib.b'.i:.:)  7.2(1.2) 

Acetic     16.0(4.4)  1.0(0.5)       2.4(0.5)   1.9(0.6)    1.5(0.3) 

Values  -rot  Turo*ian  a  i   -c-der>ohl  (1961)  as  cited  by  Saloraons  and  Forstner  (19b- 

Values  froa  UcdepeM  (1969,  1973)  as  cited  by  Salomons  and  Forstner  (1984) 
Mean  (Standard  Deviation) 


In  the  lower  three  reservoirs  for  which  only  acetic  acid  extract  data  are 
presently  available,  the  extractable  copper  averages  40,  42,  and  19  ug/g  at 
Thompson  Falls,  Noxon,  and  Cabinet  Gorge,  respectively.   While  considerably 
lower  than  Milltown  Reservoir  concentrations,  the  acetic  acid  fraction  copper 
in  these  lower  reservoirs  exceeds  the  average  blackfoot  arm  concentrations  by 
four  to  eight  times.   At  Thompson  Falls  Reservoir,  acetic  acid  extract  copper 
concentrations  ranged  from  32  to  65  ug/g  (.table  2).   In  the  mainsten  of  the 
Noxon  Reservoir,  acetic  acid  extractable  copper  ranged  from  21  to  52  ug/g  in 
the  surface  sediments  (table  3).   Two  sites  (Nl  and  N5) ,  located  in  the  upper 
mouths  of  tributary  creeks  and  away  from  the  influence  of  sediment  carried 
down  the  mainstem  of  the  reservoir,  showed  acetic  extractable  copper  concen- 
trations of  4  and  0.3  Ug/g.   This  suggests  that  local  background  concentra- 
tions for  copper  in  Noxon  Reservoir  are  lower  than  the  Blackfoot  arm  of 
Milltown  Reservoir  upstream.   In  Cabinet  Gorge  Reservoir  copper  concentrations 
in  acetic  acid  extracts  of  surface  grab  samples  are  lower  than  at  Thompson 
Falls  or  Noxon  Reservoirs  (table  4)  and  range  from  10  to  26  ug/g  in  the  ma la- 
st em  of  the  reservoir.   As  at  Noxon,  two  sites  located  in  the  mouths  oi  tribu- 
tary creeks  had  very  low  acetic  acid  extractable  copper  concentrations  of  2 
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Table  2. — Metal  concentrations  in  acetic  acid  extracts  of  Thompson  Falls 
Reservoir  sediments  (all  reported  as  Ug/g  dry  weight  basis). 


M.iinstem  Reservoir  Sites 


I  -  :nt      TF1 


TF2 


TK3 


TF4 


TK5 


TF6 


:f? 


Cu 

32 

_* 

41 

63 

45 

55 

42 

Zn 

125 

117 

1  10 

213 

146 

180 

126 

As 

2.1 

1  .9 

1  .9 

3.3 

2.3 

2.9 

2.1 

missing 


Table  3. — Metal  concentrations  in  acetic  acid  extracts  of  Noxon  Reservoir 
sediments  (all  as  ug/g  dry  weight  basis) . 


stem  of  Reservoir  Site 


>lnteriteulat< 
Sites 


.ckground 
Sites 


Element    N2 


N7 


Nl  1 


.112     11      15 


31     52     49     39     38     46     43     42 
130    201     149     132     120     149     128     123 
2.3    3.1     2.4     1.5     1.0    2.4     1.8     1.6 


47      26 


)6      115 
1.6      1.7 


4    <0.3 
7     10 

0.8   0.6 


Intermediate  Sites:   M0  at  the  mouth  of  Martens  Creek 
NU  at  the  mouth  of  Stevens  Creek. 


Local  Background  Site 


Nl  In  the  upper  mouth  of  Vermillion  Creek 
N5  In  the  upper  mouth  of  Trout  Creek 


Table  4. — Metal  concentrations  in  acetic  acid  extracts  of  Cabinet  Gorge 
Reservoir  sediments  (all  reported  as  Ug/g  dry  weight  basis). 


Mainstem  Reservoir  Sites 


*Looil 
Backs  round  Site 


Element      CGI 


CT2 


CC3 


CG5      CG6 


CG7 


Cu 

16 

25 

10 

26 

19 

Zn 

137 

123 

80 

1  17 

97 

As 

1.2 

1.7 

1.3 

1.8 

1.6 

0.9 


<0.3 
3 

0.3 


*  Local  Background  Sites:   CG4  is  the  mouth  of  Elk  Creek. 

CG7  is  the  upper  mouth  of  the  Bull  River 
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and  0.3  ug/g,  strongly  indicating  elevated  copper  levels  in  the  mainstem 
reservoir  sediments  compared  both  to  local  sediment  as  well  as  the  Blackfoot 
upriver . 

In  the  Clark  Fork  arm  of  Milltown  Reservoir,  total  zinc  concentrations 
were  highly  elevated,  ranging  from  623  ug/g  to  5320  ^g/g  and  averaging  1770 
Ug/g  (table  1).   These  zinc  concentrations  greatly  exceeded  both  expected  zinc 
concentrations  in  average  shales  and  shallow  water  sediment  (95  and  92  ug/g> 
see  table  1)  and  the  concentrations  found  in  the  Blackfoot  an.i  of  Milltown 
Reservoir.   In  the  Blackfoot  arm,  zinc  levels  ranged  from  6U  to  13A  _g/g  but 
averaged  103  ug/g  and  so  approximated  expected  normal  concentrations  of  zinc. 
Acetic  acid  extractable  zinc  in  the  Clark  Fork  portion  of  Milltown  Reservoir 
formed  a  large  portion  of  the  total  zinc  present.   Zinc  concentrations  in 
these  extracts  ranged  from  510  to  3820  ug/g  and  averaged  1330  ug/g-   However, 
in  the  Blackfoot  arm  of  the  reservoir  acetic  acid  extractable  zinc  averaged 
only  11  ug/g>  ranging  from  2  to  21  ug/g- 

Further  downriver,  acetic  acid  extractable  zinc  averaged  1 A  5  ug/g 
(table  1)  at  Thompson  Falls  Reservoir,  while  ranging  from  110  to  213  ug/g  in 
the  seven  mainstem  sites.   These  zinc  concentrations  are  alr.ost  10  times  less 
than  those  in  the  Clark  Fork  arm  of  Milltown  Reservoir  but  still  tenfold 
greater  than  acetic  acid  extractable  levels  of  zinc  in  the  Blackfoot  arm  of 
the  reservoir.   In  Noxon  Reservoir  acetic  acid  extractable  zinc  averaged  135 
Ug/g  (table  1)  and  ranged  from  106  to  201  ug/g  in  the  mainstem  reservoir  grab 
samples  (table  3).   The  two  sites  in  upper  portions  of  the  mouths  of 
Vermilion  and  Trout  Creeks  evidenced  very  much  lower  acetic  acic  extractable 
zinc  concentrations  —  7  and  10  ug/g»  respectively.   It  is  not  likely  that 
either  of  these  two  sites  receives  much  sediment,  if  any,  from  the  Clark  Fork 
River  influenced  mainstem  of  Noxon  Reservoir  so  we  consider  these  zinc  levels 
to  represent  local  sediment  input  rather  than  Clark  Fork  River  sediment. 
Also,  the  zinc  levels  at  these  two  sites  are  comparable  to  the  levels  found  in 
the  Elackfoot  arm  of  Milltown  Reservoir.   For  both  these  reasons  we  are  confi- 
dent that  the  concentrations  of  acetic  acid  extractable  zinc  at  these  two 
sites  represent  background  levels  for  the  area.   In  Cabinet  Gorge  Reservoir 
zinc  concentrations  in  the  acetic  acid  extracts  averaged  111  ug/g  (table  1), 
ranging  from  80  to  137  ug/g  (table  A).   In  the  two  sites  which  represent  pre- 
dominantly local  sediment  input,  zinc  concentrations  in  the  acetic  extracts 
were  21  and  3  Ug/g.   Although  levels  of  zinc  in  the  acetic  acid  extracts  in 
these  lower  reservoirs  are  approximately  10  times  lower  than  the  levels  in -the 
Clark  Fork  of  the  Milltown  Reservoir,  zinc  levels  are  nevertheless  10  times 
greater  than  levels  at  sites  representative  of  local  sediment  and  levels  m 
the  uncontaminated  Blackfoot  arm  of  Milltown  Reservoir. 

Total  arsenic  concentrations  in  the  Clark  Fork  arm  of  Milltown  Reservoir 
averaged  58.6  ug/g  (table  1).   In  the  Blackfoot  arm,  arsenic  concentrations 
averaged  7.2  ug/g.   Salomons  and  Forstner  (_9)  cite  13  and  5  ug/g  as  repre- 
sentative averages  for  shales  and  shallow  sediments  worldwide,  respectively. 
Acetic  acid  extractable  arsenic  averaged  16  ug/g  in  the  Clark  Fork  arm  and 
only  1  ug/g  in  the  Blackfoot  arm  of  Milltown  Reservoir.   In  the  lower  three 
reservoirs,  acetic  acid  extractable  arsenic  concentrations  were  low,  averaging 
2. A,  1.9,  and  1.5  at  Thompson  Falls,  Noxon,  and  Cabinet  Gorge.   Ranges  of 
arsenic  extracted  in  the  acetic  acid  were  also  small  in  these  reservoirs 
(tables  2,  3,  and  A).   The  arsenic  levels  observed  are  comparable  to  those  in 
the  Elackfoot  arm  and  to  those  found  at  the  local  background  sites  in  Noxon 
and  Cabinet  Gorge  Reservoirs.   Arsenic  does  not  appear  to  be  significantly 
elevated  in  sediments  of  these  lower  three  reservoirs. 

Concentrations  of  total  and  acetic  acid  extractable  metals  in  a  single 
deep  core  from  the  Clark  Fork  arm  of  Milltown  Reservoir  are  contrasted  in 
figures  6  and  7  for  copper  and  zinc.  Total  copper  in  this  core  varied  with 
depth  in  the  sediment.  Concentrations  ranged  from  1050  ug/g  in  the  Surface 
3  cm  to  10  600  ug/g  at  78  cm.  Acetic  acid  extractable  copper  concentrations 
ranged  from  600  to  1900  ug/g>  increasing  and  decreasing  in  the  same  pattern  as 
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Figure  6.   Histogram  of  copper  in  core  03  at  Mill town  Reservoir. 
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the  total  copper  levels  (fig.  6).   As  a  percentage  fraction  of  the  total 
copper  present,  the  acetic  acid  extractable  copper  varied  from  60%  of  the 
total  copper  at  the  lower  copper  concentrations  to  less  than  20%  where  total 
copper  was  highest. 

Total  zinc  in  this  core  ranged  from  3900  ug/g  to  10  900  pg/g  (fig.  7). 
Greatest  acetic  acid  extractable  zinc  concentrations  occurred  in  the  surface 
40  cm  and  declined  to  lowest  levels  at  greatest  depth.   As  a  proportion  of  the 
total  zinc  present,  50%  to  70%  of  the  zinc  could  be  removed  by  acetic  acid  in 
the  upper  40  cm  of  the  core.   Less  than  L5%  could  be  extracted  by  acetic  acid 
in  the  lower  50  cm  of  the  core. 

Cores  taken  at  Thompson  Falls  and  Noxon  Reservoirs  were  shorter  than 
cores  from  Milltovn  Reservoir.   In  several  cores  from  N'oxon  Reservoir,  the 
corer  tip  contained  gravel  when  withdrawn  from  the  reservoir  bottom,  leading 
us  to  conclude  that  the  corer  had  penetrated  to  the  gravel  bed  and  had  sampled 
the  entire  sediment  profile.   Copper,  zinc,  and  arsenic  concentrations  in 
acetic  acid  extracts  from  a  core  taken  at  Thompson  Ralls  Reservoir  are  pre- 
sented in  table  5.   Loth  copper  and  zinc  concentrations  varied  with  depth  in 
the  profile.   The  concentration  of  each  metal  was  greatest  in  the  deepest 
sediment,  declined  to  lowest  levels  between  15  and  20  cm,  then  increased  again 
near  the  surface.   Arsenic  levels  demonstrated  a  similar  pattern,  but  these 
differences  through  the  profile  were  small  and  may  not  be  significant.   The 
zinc  and  copper  concentrations  in  this  core  represent  elevated  levels  of  both 
elements  compared  to  Blackfoot  grab  and  core  sample  extracts. 

Table  5. — Metal  concentrations  in  acetic  acid  extracts  of  sediment  core  ;/ 1 
from  Thompson  Falls  Reservoir 


Sediment  Depth  In  Cm 


Element    0-5       5-10 

Cu  *B1  54 
Zn  263  145 
As        3.9      3.0 

*  Ail  concentrations  are  ug/g  dry  weight  basis 


Ave 

.    f 

or    all    Depth 

3-15 

15-20 

20-25 

25-30 

(S 

td.    Dev.) 

....... 

---»——> 

........... 

.......... 

----- 

............ 

41 

24 

45 

1  1  1 

59(31) 

130 

73 

13i 

307 

175(89) 

3.5 

1  .0 

2.5 

2.9 

2.8(1  To ) 

Similarly,  copper  and  zinc  in  acetic  acid  extracts  from  a  core  in  Noxon 
Reservoir  also  vary  with  depth  and  are  elevated  with  respect  to  levels  of 
these  metals  found  in  acetic  acid  extracts  from  the  Blackfoot  arm  of  Milltown 
Reservoir  (table  6).   This  was  the  deepest  core  obtained  from  Noxon  Reservoir. 
Concentrations  of  all  three  elements  decrease  dramatically  below  38  cm.   The 
levels  of  arsenic,  copper,  and  zinc  observed  in  this  core  between  23  and  4!  cm 
fall  within  the  range  found  both  in  the  Blackfoot  samples  and  the  local  back- 
ground sites  for  surface  sediment  in  Noxon  and  Cabinet  Gorge  Reservoirs.   The 
sediment  above  28  cm  in  depth  probably  represents  fine  sediment  deposited  from 
the  Clark  Fork  River  since  construction  of  Noxon  Rapids  Dam.   Arsenic  levels 
in  the  acetic  acid  extracts  show  the  same  general  pattern  as  zinc  and  copper, 
but  again,  such  low  levels  are  present  that  arsenic  is  probably  not  signifi- 
cantly elevated  in  these  sediments. 
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Table  6.~Mecal  concentrations  in  acetic  acid  extracts  of  sediment  core  It  2 
from  Noxon  Reservoir. 


Si'Jlmcm    Depth    In    Cm 


3-8          3-13        13-13  18-23  23-28  2H-33  33-18  38-41  Ave.   0-2» 

Cu                 *    -                               44                 53  75  69  0  0  U  '        .  .  , 

2n                145           ;o6           136             164  237  236  11.9  3.9  3.9  181(44) 

As                    2-2           2.7           2.3             2.7  3.3  3.4  1.2  1.9  2.4                2.7(0.5} 

*    All    concentrations    are   u>;/g   dry  weight  ba^la 


Average  copper  and  zinc  concentrations  for  each  reservoir,  treating  the 
Clark  Fork  and  Blackfoot  artr.s  of  Milltown  Reservoir  as  separate  reservoirs, 
are  plotted  in  figures  8  and  9.   Acetic  acid  extractable  copper  and  zinc  con- 
centrations in  the  lower  three  reservoirs  show  drac.atic  decreases  with  dis- 
tance downriver  from  the  Clark  Fork  arm  of  Milltown  Reservoir.   hut,  compared 
to  levels  in  the  Blackfoot  arm  of  Milltown  Reservoir  and  to  levels  at  local 
background  sites  within  Noxon  and  Cabinet  Gorge  Reservoirs,  copper  and  zinc 
concentrations  in  the  acetic  acid  extractable  fraction  of  the  sediment  in  the 
three  lower  Clark  Fork  reservoirs  are  elevated.   Although  copper  concentra- 
tions are  similar  at  both  Thompson  Falls  and  Noxon  Reservoirs,  zinc  levels 
appear  to  be  slightly  lower  at  Noxon  Reservoir.   levels  of  both  metals  appear 
to  be  lower  in  sediment  of  Cabinet  Gorge  Reservoir.   If  the  acetic  acid 
extractable  copper  and  zinc  represent  similar  portions  of  the  total  copper  and 
zinc  present  in  the  sediment,  as  are  present  in  the  Clark  Fork  arm  of  .Milltown 
Reservoir,  total  copper  and  zinc  in  these  lower  reservoirs  may  be  twice  the 
levels  found  in  the  acetic  acid  extracts.   We  expect  the  total  metal  concen- 
trations, in  combination  with  the  extractable  metals  reported  here,  to  provide 
turther  evidence  for  influence  of  mining  and  smelting  activities  in  the  Butte- 
Anaconda  region  on  metal  content  of  river-transported  sediments  2b0  to  345 
miles  downriver.   To  date,  we  know  of  no  studies  of  metal  content  in  sediment 
in  the  Clark  Fork  River  delta  within  Lake  Pend  Oreille.   But,  based  on  our 
findings  so  far,  metal-enriched  bediment  may  have  been  transported  through 
Cabinet  Gorge  and  into  the  lake. 
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Figure   8.      Downriver   trends    in   acetic   acid   extractable    copper 
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Figure    9.      Downriver    trends    in   acetic   acid   uxtractable   zinc. 
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SUMMARY  OF  DATA  COLLECTED  DURING  1985  ON  LAKE 
PEND  OREILLE,  IDAHO  BY  THE  IDAHO  DIVISION  OF 
ENVIRONMENT  (DEPT  OF  HEALTH  AND  WELFARE) 


The  following  is  a  summary  of  the  data  collected  during  the  1985  field 
season  by  the  Idaho  Division  of  Environment  in  its  continuing  efforts  to 
assess  the  limnological  conditions  in  Lake  Pend  Oreille  and  the  potential 
for  cultural  eutrophication  of  this  large  lake.  This  data  summary  was 
included  at  the  request  of  the  Montana  Water  Quality  Bureau. 

A  more  complete  and  definitive  report  of  the  results  of  study  efforts 
conducted  to  date  on  Lake  Pend  Oreille  and  the  lower  Clark  Fork  River  is 
currently  in  preparation  and  should  be  available  in  early  1986.  Those 
interested  should  contact  the  Coeur  d'Alene  Field  Office  of  the  Idaho 
Division  of  Environment  at  (208)  667-3524;  2110  Ironwood  Parkway, 
Coeur  d'Alene,  ID  83814 
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AREA:  383  km2 
148  ml2 


VOLUME:  53.3  x 
43.2  x 
DEPTH:  350  m 
1  200  ft 


Plate    2.  Probable    Clark    Fork    River    influence    and 

water    exchange    patterns     in    Fend    Oreille    Lake,     Idaho 
and  sainpl  Lay   -tat  i   as  . 
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Plate  :.        Pend  Oreille  Lake,  Idaho,  with  depth 
contours  in  meters  (in) 
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Figure  A     1985  Average  Phosphorus  Concentrations 
59 
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FIGURE  B     1965  Average  Nitrogen  Concentrations 
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Figure  C  -  Average  chlorophyll  a  concentration. 
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Figure  E  -  1985  Average  Secchi  Disk  Transparency 
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FIGURE  1     1985  -  STATION  '2000257  PHOSPHORUS  CONCENTRATIONS 
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FI6URE  2.    1985  -  STATION  *2000257  NITROGEN  CONCENTRATIONS 
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FI6URE  3    1985  -  STATION  *2000257  SILICA  (SI02)  CONCENTRATIONS 
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FIGURE  A     1 985  -  STATION  '2000258  PHOSPHORUS  CONCENTRATIONS 
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FIGURE  5.    1985  -  STATION  '2000258  NITROGEN  CONCENTRATIONS 


400 


300  • 


N(ug/I)    200- 


4/11  5/21  7/2  7/31  8/13  9/24 


•258  NH3  U    #258  N02-N03   M   *258  TKN  D   '258  TN 


AVERAGES    NH3  -  46  67.   N02+N03  -  80  17.  TKN-  131  67.  TN  -  2 11  0 


■35- 


I 


*253  NH3 

N'Cug/1) 

4/11 

u 
7,  : 

7/51 
8/15 
9/24 

0 
0 
49 
86 
63 
82 

*258  N02- 

\'03 

N'Cue/l) 

4/11 

79 

5/21 

91 

7/2 

68 

7/51 

140 

8/15 

58 

9/24 

45 

*258 

TKN 

<(ug/ 

1) 

4/11 

110 

5/21 

2D 

7/2 

130 

: 

120 

100 

24 

260 

58  TN 


5/21 
7/2 
7/51 
8/15 
24 


N Cue/ 11 


1S9 
111 
245 
260 
158 


-355- 


• 


FIGURE  6     1985  -  STATION  "2000250  SILICA  (Si02)  CONCENTRATIONS 
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FIGURE  7     1985  -  STATION  #2000259  PHOSPHORUS  CONCENTRATIONS 
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FI6URE  8     1 985  -  STATION  »2000259  NITROGEN  CONCENTRATIONS 
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FIGURE  9.    1985  -  STATION  *20OO259  SILICA  (SI02)  CONCENTRATIONS 
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FIGURE  10     1985  -  STATION  #2OO0260  PHOSPHORUS  CONCENTRATIONS 
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FIGURE  11     1985  -  STATION  "2000260  NITROGEN  CONCENTRATIONS 
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FIGURE  12     1985  -  STATION  '2000260  SILICA  (Si02)  CONCENTRATIONS 
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FIGURE  13.    1905  -  STATION  ^2000261  PHOSPHORUS  CONCENTRATIONS 
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FIGURE  14.    1985  -  STATION  '2000261  NITROGEN  CONCENTRATIONS 


5/21 

7/2                      7/31                      0/13                     9/24 

■   #261  NH3 

11    '261  N02-N03   M   #261  TKN            □   *261  TN 

AVERAGES.  NH3  -  33  8;   N02+N03  -  60  0.   TKN -146  0.    TN  -  199.2 


-366- 


F IGURE  15     1 985  -  STATION  '200026 1  SILICA  (Si02)  CONCENTRATIONS 
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fiqure  16  -  Station  #2000257  chlorophyll  a  concentration 


chla(ug/l)     0  8- 


4/11  5/21  7/2  7/31  8/13  9/24 

Average  =   0  313 


■368- 


Figure  17  -  Station  #2000258  chlorophyll  a  concentration 
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Figure  18  -  Station  '2000259  chlorophyll  a  concentration. 
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Figure  19  -  Station  *2000260  chlorophyll  a  concentration 
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figure  20  -  Station  *200026l  chlorophyll  a  concentration 
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Figure  21  -  Station  #2000257  Secchi  Disk  Transparency 
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Figure  22  -  Station  *2000258  Secchi  Disk  Transparency 
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Figure  23  -  Station  #2000259  Secchi  Disk  Transparency. 
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Figure  24  -  Station  -2000260  Secchi  Disk  Transparency. 
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Figure  25  -  Station  *2000261  Secchi  Disk  Transparency 
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Table  5.  Results  of  Organic  Analyses  of  River  and  Wastewater  Foam  Samples 
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UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

REGION  VIII 

ONE  DENVER  PLACE  —  999  18TH  STREET  —  SUITE  1300 

DENVER,  COLORADO  80202-2413 


December  19,  1985 


Ref:  8ES-AS 


Mr.  John  Hawthorne 

Montana  Department  of  Health  and 

Environmental  Sciences 
Chemistry  Laboratory 
Cogswell  Building 
Helena,  Montana  59620 

Dear  Mr.  Hawthorne: 

Enclosed  are  final  analytical  data  for  Clark  Fork,  Montana. 

Included  are: 

Semivolatiles  analysis  for  five  water/foam  samples. 

Please  call  if  we  can  be  of  further  assistance. 

Sincerely , 

Joan  K.  Barnes,  Acting  Chief 
Analytical  Support  Branch 
Environmental  Services  Division 

Enclosures 
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Table  5.  Results  of  Organic  Analyses  of  River  and  Wastewater  Foam  Samples 
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Table  5  Continued 
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Table  5  Continued 
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Table  5  Continued 
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Heptachlor  epoxide 

!  51-2S-5       2,4-D'.nitrophencl 

621-64-7    N-r.itrosodipropylaiine 

V 

EndcsuHar:  I 

534-52-1      4. fc-Dinitro-2-iethyI phenol 

117-B1-7  bi 5 (2-ethylhexyl> phthalate 

2JQ,  S' 

Di el dr in 

1 

I.E7-B6-5       Pentachlorophenol 

B5-6E-7      Benzyl  butyl  phthalete 

M-.7H 

4,4'-DDE 

•10E-55-2      Phencl 

B4-74-2      di-n-betyl  phthalate 

Endrin 

165-B5-0       Benroic  acid 

117-84-0    di-n-cctyl  phthalate 

Endosulfin  11 

~'(  \    " 

1  «?5-4B-7       2-Methvlpheno] 

64-66-2      Diethyl  phthalate 

4(4'-DPr 

10E-35-4      4-ftethylphenol 

131-11-3    DiKthy]  phthalate 

Endrin  Aldehyde 

55-95-4       2.4.5-lrichlorophenol 

56-55-3      Ber,ZD(a)anthracene 

EndosuHan  Sulfate 

E3-32-?       Acenaphthene 

50-32-2      Benzo(a)pyrene 

4. 4' -DDT 

1              1 

92-E7-5       Benzidine 

205-99-2    BeniofbHluorar.thene 

Kethoxychlor 

120-E2-1      1,2,4-lrichlorobenzene 

207-0E-5    BenzolkHluoranthene 

1 

Endrin  ketone 

.  1    / 

11E-74-1     Hexachlorobenzene 

218-01-5    Chrysene 

Cfilordane  c-fv>-r-  4 

u 

67-72-l       Hexachloroethane 

20&-56-B    Acenaphthene 

Toxaphene 

N/A 

111-44-4     bi£(2-Chloroethvl) ether 

120-12-7    Anthracene 

Aroclor-1016 

N/A 

51-5E-7        2-Chloror.aphthalene 

191-24-2    Benzolohilperylene 

1 

Aroclor-1223 

N/A 

i  55-50-1        l,2-['ichlDroben:ene 

66-73-7      Fluorer.E 



Aroclor-1232 

N/A 
N/A  i 

541-73-1      1,3-Dichlcrobenzene 

B5-01-8      Phenanthrene 

A^oclor-1242 

106-46-7      1,4-Dichlorobenzene 

53-70-3      DibenzDla,hlanthracene 

ArD:lor-124E 

N/A  | 

51-94-1       3,3'-Dichlodrobenzidine 

193-39-5    Indeno!l,2,3-cd)pyrenE 

Aroclor-1254 

N/A  1 

121-14-2      2,4-Dinitrotoluene 

129-00-0    Pyrene 

ArDdor-12tC' 

N/A  1 

606-2O-2      2,6-Dinitrotoluene 

62-53-3      Aniline 

( 
/ 

122-66-7      1.2-Diphenylhydrarine 

100-51-6    Benzyl  alcohol 

206-44-0     Fluorar.thene 

106-47-8    4-Chloroaniline 

70C5-72-3    4-Chlorcpheny]  phenyl  ether 

132-64-9    Dibenzofuran 

101-55-3      4-broiDphpnyl  phenyl  ether 

91-57-6      2-hethylnaphthalene 

35t3i-32-5  tis(2-chloroisopropyl (ether 

BB-74-4      2-Nitroamline 

111-91-1      bis(2-chloroethoxy)iethane 

55-05-2      3-Nitroaniline 

\ 

i          I    100-01-6    4-Nitroani line 

\  i  / 

V 

— 

■ 

ttPjQh  A^ttf ~t£Z*%c{>   <&::*. 


•ii&  /fc<tttt#*»i 


# 

3 
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Ljfc«r«tor>   N«m# 
C«»e  No    


CtkiindL*  £■> 


(jtfGe 


S3  /LHL 


Organict  An»ly*i»  Data  Shoet 
(Page  4) 

Tantatrva+y  Idantrfiad  Compounds 


^(Ofitjt 


tompfc  Numbtr 


CAS 

Mumbir 

Compound  N»m« 

Fr»ct>oo 

RT  of  Sc*n 

Numtwf 

Ettvnttac 

C  Of*C  OfTtXB  t>C  ' 

1 

'/*,,■ 

1 

1 

A 

R 

■ 

7 

■ 

« 

If) 

11 

1? 

13 

n 

1S 

1« 

17 

1« 

19 

?n 

?i 

" 

m 

34 

25 

?* 

37 

?« 

?q 

in 
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Table  5  Continued 


Drcanics  Analysis  Dale  5heet 


CAS  I 


Laboratory  Nate: 
Lit  Saeple  ID: 
Tao  I: 


USE^A  Reoion  8 


Cast  Nuiber:    ft'ftAJi  Fft&  W/i 

Site: 

Date  Received: 


a- v.  :/;/.,;  (  EBg  tm£S  £  1 1  m 


Saiple  Matrix:      k&fyj    *C/:^    </->.W 

Setivolatile  Coipounds 


Data  Released  By:  , Sfcg ;    i: ,  £'*/,  y/CA 7 " 


Concentration:/!;  «,  H 


Date  Extracted/Prepared:     Ay? >'~-.-X> 
Date  Analyzed:  ^?  -y  -/^ 

Co-.:  Factor: 

Units:  ZlaZSE- 


US  File:  /VtT  ^gv 

Percent  floisture: 

pH:     ~ 

Dil  Factor: 


. 


Coapound  Nate 


Aiount 


CAS  t    Cot pound  Nate         AiDunt    Coipound  Nats    Aiount 


BE-06-"2       2.4,6-lrichlorophenol 

U3.  C/H 

B7-6B-3     Hexachlorobutadiene 

fa.%  <c\  ftip^  bh: 

tiM-to 

[■9-50-7       p-Cr  1  orc-f-Cresol 

1 

77-47-4     HexechlDrocydopentadiene 

1 

Beta  BHC 

! 

:5-57-o       2-Ch)orDDhenol 

| 

7B-59-1      Isophorone 

Delta  BHC 

120-83-2     2,4-Eichlorophenol 

1 

91-20-3      Naphthalene 

Sat&a  BHC (Li noane) 

105-67-9     2.4-Dnethylphenol 

9E-95-3      NitrobenzenE 

1 

Heptachlor 

B8-75-5       2-Nitrophenol 

62-75-9     N-nitrosodiiethylaiine 

1 

Aldrin 

1 

100-02-7     4-Nitrophenol 

■ 

B6-30-6      K-nitf  DEciipher.ylaeine 

Heptachlor  epoxide 

j 

51-2B-5       2.4-tin:trophenol 

621-64-7    K-nitrosDdipropylaiine 

i 

EndosuHan  I 

1 

534-52-1      4.t-rinitro-2-BEthylphenol 

117-81-7  bi 5 (2-ethylhexyl) phthalate 

AT??.? 

Iieldriri 

!          1 

B7-B6-5       Pentschlorophenol 

"1 

85-6E-7     Benzyl  butyl  phthalate 

/<t3<fk 

4, 4 '-DDL 

10B-95-2      Phenol 

If 3. 1 

B4-74-2      di-n-butyl  phthalate 

Endrir, 

65-B5-0       Benzoic  acid 

/72.t 

117-B4-0    di-n-octyl  phthalate 

EndosuHan  11 

\    "" 

95-48-7       2-MethYl phenol 

U3.fU 

84-66-2      Diethyl  phthalate 

4,4'-DDD 

1 

il0E-3c-4     4-hethyl phenol 

r<i%H 

131-21-3    Ditethy]  phthalate 

Endrin  Aldehyde 

195-95-4       2.4,5-lrkhlorophenol 

JL'i.tU. 

56-55-3     Benzol a) anthracene 

EndosuHan  Sulfate 

( E3-32-9       Acenaphthene 

50-32-2     BenzoU)pyren« 

4.4'-DDT 

1 

1 92-B7-5       Benzidine 

I 

205-99-2    BenzolbHluoranthene 

Rethoxychlor 

! I20-E2-1      1,2,4-Trichlorobenzene 

207-C9-9    Ber.zo(kHluoranthene 

Endrir  ketone 

illB-74-1      Hexacnlorobenzene 

1 

218-01-9    Chrvsene 

i  , 

Chi  or  dan  e  G-A/kfiyl 

\Y 

! 67-72-1       Heiachloroethane 

20E-96-6    Acenaphthene 

1 

Toxaphene 

N/A 

!  111-44-4     bi  s (2-Chloroethvl ) ether 

120-12-7    Anthracene 

1 

Arodor-1016 

N/A 

I91-5E-7       2-Chloronaphthalene 

191-24-2    Benzolohilperylene 

A'oclor-1221 

N/A  | 

,95-50-1        1,2-I'ichlorobenzene 

86-73-7      FluorenE 

Aroclor-1232 

N/A  , 

!  541-73-1      1,3-Dichlorobenzene 

B5-01-B     Phenanthrene 

Aroclor-1242 

N/A  | 

106-46-7      1,4-Dichlorobenzene 

53-70-3      Diten:o(a,h)anthracene 

firo:ior-124E 

N/A  i 

91-94-1        3,3'-Dichlodrobenzidine 

193-39-5    Inoeno(l,2,3-cd)pyrene 

Arodor-1254 

N/A  ! 

j  121-14-2      2,4-Dinitrotoluene 

129-00-0    Pyrene 

Arodor-1260 

N/A  | 

606-20-2      2,6-Dinitrotoluene 

62-53-3     Aniline 

^ 

122-6r-7      1.2-Dipheriylhydra:ine 

100-51-6    Benzyl  alcohol 

'  206-44-0      Fluorar.ther.E 

106-47-B    4-Chloroar.iline 

(7005-72-3    4-Chlorophenyl  phenyl  ether 

132-64-9    Dibenzoiuran 

t  101-55-3      4-broaophenyl  phenyl  ether 

91-57-6     2-hethyl  naphthalene 

3963B-32-9  tis(2-chloroisopropyl)ether 

BB-74-4     2-Nitroaniline 

l  111-91-1      bis!2-chloroethoxy)aethar.e 

99-09-2     3-Nitroaniline 

1 

V 

100-01-6    4-Nitroar.il jne 

■■ 

/ 

•  <J  & 
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C«ie  No 


SvnpU  Number 


Organic*  Analysis  Data  Shoet      .     , 

(Page  4)  (t/^  frfa  ^/0 

(£ itte /foot  Rtuer) 

Tantatrv»hy  ldantrn*d  Compounds 


CAS 

Numbc 

Compound  N»m« 

Fr»ct>oo 

Numbw 

Er&m*t»c 
/fug-'l  or  ug  'kg 

1 

'TFVXjI  7)S.  QrtSfd  /(I    rfCb 

t+L- 

■£&  / 

5 

&,?'/;?     JGMffyf/A'6    f/icTcfi 

1 

A 

/..  3,  /"-  &  rfcfSfiTti^:^ 

*vs 

c?;?l>.5 

B 

7 

B 

A&i  zjtaS  Mofst  v/»£    ;.<c /  h 

.Sl-Z 

/J~0#*2- 

7 

o.9?/v     *'??&?# ,  a  c     j^a  a.  va>^ 

■ 

* 

■S.-tx/J  D^Cy.A  T/C.    *C  /  b 

96/ 

<2J96"  7 

io 

ii 

IW/fAtH'A'   &tfAST/Vlfij&h     MAZ/l^A' 

//// 

12 

13 

1* 

1K 

1« 

17 

1« 

19 

5f» 

51 

77 

« 

34 

?«i 

?B 

27 

?fi 

?q 

in 
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i 


Organics  Analysis  Data  Sheet 


CAS  I 


Laboratory  Naie: 
Lab  Satple  ID: 
Tag  I: 


USEPA  Reoion  8 


Case  Nuiber:    (UA/i K  FdJJrf  #  12- 

Sites         2ESB5S  ZZ  Z l^  a  mpic  > v\  uw&odtet 

Date  Received:  ^  T  / 


Saiple  Hatrix:     hJrTrft     '/f/,T>    (Fu* /7? 

Seaivolatile  Coipounds 


Data  Released  By:  :1jo/^/  h<  SfJ/ltotJ?* 


trationi/T)  H,  H  _ 
xtracted/frepared: 


Conten 

Date  E 

Date  Analyzed 

Cone  Factor: 

Units:   ^dL 


//-*i±'-y-> 


/°2 -<-/-&' 


HS  File:   

Percent  Hoisture: 
pH:  


Dil  Factor: 


Coipound  Naie 


AiDunt 


CAS  I 


Cocpound  Naie         Aiount    Cotpound  Naie    Aiount 


BE-06-2       2,4,6-Trichlorophenol 

23 SU, 

87-68-3      Hexachlorobutadiene 

o23<Slt 

Alpha  BHC 

-2J.<k 

59-50-7        D-Chloro-t-Cresol 

77-47-4      Hexachlorocyclopentadiene 

Beta  BHC 

95-57-8       2-Chlorophenol 

7B-59-1      Isophorone 

Delta  BHC 

1 

120-83-2      2,4-Dichlorophenol 

91-20-3      Naphthalene 

6at&c  BHC(Lindane) 

105-67-9      2, 4-Diiethyl phenol 

9B-95-3      Nitrobenzene 

Heptachlor 

88-75-5       2-Nitrophenol 

62-75-9      N-nitrosociiethyla«ine 

Aldrin 

100-02-7      4-Nitrophenol 

86-30-6      N-nitrosodiphenylamne 

i 

Heptachlor  epoxide 

51-28-5        2.4-Dinitrophenol 

621-64-7     N-nitrosodipropylaiine 

V 

EndosuHan  I 

534-52-1      4,6-Dinitro-2-iethylphenol 

117-81-7  bis(2-ethylhexyl)phthalate 

-25573 

Dieldrin 

87-86-5       Pentachlorophenol 

B5-6B-7      Benzyl  butyl  phthalate 

,23o"«. 

4,4'-DDE 

10B-95-2      Phenol 

H 

/ 

84-74-2      di-n-butyl  phthalate 

&1 

Endrin 

65-B5-0       Benzoic  acid 

Z2.9 

117-84-0    di-n-octyl  phthalate 

J.3  *~U. 

EndosuHan  II 

95-48-7        2-Hethylphenol 

JZ-zSU. 

B4-66-2      Diethyl  phthalate 

4.4'-DDD 

108-39-4      4-Methylphenol 

131-11-3    Dnethyl  phthalate 

Endrin  Aldehyde 

95-95-4        2.4.5-lrichlorophenol 

56-55-3      Benzo(a)anthracene 

EndosuHan  Sulfate 

83-32-9       Acenaphthene 

50-32-2      Benzo(a)pyrene 

4,4'-DDT 

92-B7-5       Benzidine 

205-99-2    BenzotbHluoranthene 

Hethcxychlor 

120-82-1      1,2,4-Tnchlorobenzene 

207-08-9    BenzofkHluoranthene 

Endrin  ketone 

118-74-1      Hexachlorobenzene 

218-01-9    Chrysene 

Chlordane  S-rte/ff/i 

1 

/ 

67-72-1        Hexachloroethane 

20B-96-B    Acenaphthene 

Toxaphene 

N/A 

111-44-4      bis(2-Chloroethyl)ether 

120-12-7    Anthracene 

A-oclDr-1016 

N/A 

91-5E-7       2-Chloronaphthalene 

191-24-2    Benzelohilperylene 

Aroclor-1221 

N/A 

95-50-1        1.2-Dichlorobenzene 

86-73-7      Fluorene 

Aroclor-1232 

N/A 

541-73-1      1,3-Dichlorobenzene 

85-01-8      Phenanthrene 

Aroclor-1242 

N/A 

106-46-7      1,4-Dichlorobenzene 

53-70-3      Dibenzo(a,h)anthracene 

Aroclor-1248 

N/A 

91-94-1       3,3'-Dichlodrobenzidine 

193-39-5    lndeno(l,2,3-cd)pyrene 

Aroclor-1254 

N/A 

121-14-2      2,4-Dinitrotoluene 

129-00-0    Pyrene 

Aroclor-1260 

N/A 

606-20-2      2,6-Dinitrotoluene 

62-53-3      Aniline 

122-66-7     1,2-Di phenyl  hydrazine 

100-51-6    Benzyl  alcohol 

206-44-0      Fluoranthene 

106-47-B    4-Chloroanihne 

7005-72-3    4-Chlorophenyl  phenyl  ether 

132-64-9    Dibenzofuran 

101-55-3      4-broiophenyl  phenyl  ether 

91-57-6      2-Methylnaphthalene 

3963B-32-9  bis(2-chloroisopropyl)ether 

8B-74-4      2-Nitroanilme 

111-91-1      bisl2-chloroethoxy)iethane 

99-09-2      3-Nitroaniline 

SI/       1    100-01-6    4-Nitroanihne 

i 

ff 


<< 


Cl  ytndudju'  Ctm-iJi&U'HCf  U'^J 


jfi/Jel  AiTsttZf  ffcfcfc?.   &u '.41-OL  /tnt*tf**»i 
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Laboratory  Nam» 
Case  No   


Organic*  Analysis  Data  Shoot 
(Page  4) 


Stmpte  Number 


T*ntativ*h/  ld«ntjf>»d  Compounds 


s 


CAS 

Numb*r 

Compound  N*TTM 

Fraction 

RT  or  Sc*n 
Number 

Eftvnatsc 
/{ug/lor  ug/kgi 

1 

U/Wf/1/on///  f'brrt/m/TJs 

//3  c 

■3 

• 

}M  lfal)ll/M    Si/AST/Tl/nm     /fiUfiA'/IATU/?M 

///? 

A 

R 

titxATUFrjOM/IL  *c,?> 

*yy 

/<?£«?_ 

* 

C.  f$M     /'/frCV/A^  filCTd* 

7 

« 

l-#//j£A'MTHlfi£A'rJ=LA/{£0XYJ-JC.    Ac/ft  . 

//?,? 

A/y 

9 

U, 3,  V,  7fe  ,  9.  A; ,  A1,:  -OCTA*  vbrtn  - /,  V4  - 

m 

7)/^--Th  Vj~  -  7-  (,-X:—n  </^^,rvi//  )  -  . 

n 

£Ti/f  -  (  J  ,JjIP#j4  .  ,  ViZrS^rttX  .  .  too.  . 

19 

JJ.MA  *) J  0,522./    Jmv-m/a'G.  MczdA 

1* 

1* 

<&Ur£S--  ,  J-ST/tt/Vl.   -3-  (l-/!'/-:7NVL- 

,-2SJ 

3t-7 

IK 

*er*v/~ )     o.  9?o?  JtofTto/A's-  FXcVdjx 

1« 

17 

tV<LU}<HJEXJl=A/j£ \  3-JffjGmt*/J-£AtB  -£,  - 

2?? 

Ar>,7 

18 

(  'J-  -  /??J£VWt/J^&™  VJ.  ^  0.  7,fotf  &J7W/JL  'fir  <&!C 

71/1 

19 

*n 

2tSfc2fi^P  ,  rsL-#£TtiVL  -l-PAOtetfVL  ) 

jy^" 

//.? 

?1 

o.  ?79i     /Mjfcratf/A'b-     ^/jctda 

3? 

»*» 

?* 

?* 

?R 

37 

?fi 

2<J 

in 

^AdL-^ad  ^jXZdZ^cJlisptiA,  <h  Jiet/la  M^fij^  /<?c&*t^<?  tfZo-^Po 
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Drganics  Analysis  Data  Sheet 


CAS  I 


Laboratory  Naie: 
Lab  Saiple  ID: 
Tag  I: 


USEPA  Reoion  8 


Saiple  Matrix:    /> /vV-jr/r    $4;y2>    /-{//]/:/ 

Seti volatile  Coapounds 


Case  Nuiber:   C////j/j    ft/l/i  j£j±  -n 

Site:  />, 'ca T/j/t /,'  (/W  Uw.eniii &  ) 

Date  Received: 

Data  Released  By:     '/7xA     //    /'X'/l  a/SI/h 

?/0.-*h&    -^>  /<*ny //(K^ii/-^>  /  Sty. 


\ 


Concentration/LY  H,  H 


US  File:  FflA'    96 0 7 


Date  ExtracteoVPrepared:     // -aS'-J^ 
Date  Analyzed:  /Ji-S  "?i> 

Cone  Factor: 


Percent  Hoisture: 
PH:  


Dil  Factor: 


Units:  .^,;>/  ki£vr 


Coipound  Nate 


Aiount 


CAS  t    Cocpound  Naie 


Aiount    Coipound  Naie    Aiount 


8E-06-7.        2,4,6-Trichlorophenol 

22 -fit 

87-68-3     Hexachlorobutadiene 

Jl<% 

Alpha  BHC 

2j.% 

59-50-7       p-Chloro-r-Cresol 

1 

77-47-4      Hexachlorocyclopentadiene 

Beta  BHC 

\ 

95-57-8        2-Chlorophenol 

7B-59-1      Isophorone 

Delta  BHC 

120-63-2      2,4-Dichlorophenol 

91-20-3      Naphthalene 

6as&o  BHClLindanE) 

105-67-9      2,4-Dnethylphenol 

9B-95-3      Nitrobenzene 

Heptachlor 

BS-75-5       2-Nitrophenol 

62-75-9      N-nitrosodiiethylaune 

Aldrin 

100-02-7      4-Nitrophenol 

86-30-6      N-nitrosodiphenylaiine 

/ 

Heptachlor  epoxide 

51-26-5       2,4-Dinitrophenol 

621-64-7    N-nitrosodipropylaiine 

< 

/ 

EndosuHan  I 

534-52-1      4,6-Dinitro-2-iethylphenol 

117-81-7  bis(2-ethylhexyl)phthalate 

3/9.5. 

Dieldrir. 

67-86-5       Pentachlorophenol 

B5-66-7      Benzyl  butyl  phthalate 

22.  <tti 

4,4'-DDE 

,106-95-2      Phenol 

84-74-2      di-n-butyl  phthalate 

[ 

Endrin 

^ 

65-B5-0       Penroic  acid 

117-84-0    di-n-octyl  phthalate 

EndosuHan  II 

95-4S-7        2-Hethylphenol 

84-66-2      Diethyl  phthalate 

4,4'-DDD 

106-39-4      4-hethvlphenol 

131-11-3    Dnethyl  phthalate 

Endrin  Aldehyde 

95-95-4        2,4.5-Trichlorophenol 

56-55-3      Benzolalanthracene 

| 

EndosuHan  Sulfate 

63-32-9       Acenaphthene 

50-32-2      Benzofalpyrene 

4,4'-DDT 

92-87-5       Benzidine 

205-99-2    BenzofbHluoranthene 

hethoxychlor 

120-E2-1      1,2,4-Trichlorobenzene 

207-0B-9    BenzolkHluoranthene 

j 

Endrin  ketone 

118-74-1      HExachlorobenzene 

21B-01-9    Chrysene 

I 

Chlordane  C-/1 /;?/?/$ 

V 

67-72-1        Hexachloroethane 

206-96-8    Acenaphthene 

1 

Toxaphene 

N/A 

111-44-4      bis(2-Chloroethyl)ether 

120-12-7    Anthracene 

Aroclor-1014 

N/A 

91-58-7        2-Chloronaphthalene 

191-24-2    Benzolghilperylene 

Aroclor-1221 

N/A 

95-50-1        1,2-Dichlorobenzene 

86-73-7      Fluorene 

Aroclor-1232 

N/A 

541-73-1      1,3-Dichlorobenzene 

85-01-8      Phenanthrene 

Aroclor-1242 

N/A 

106-46-7      1,4-Dichlorobenzene 

53-70-3      DibenzD(a,h)anthracene 

Aroclor-1246 

N/A 

91-94-1        3,3'-Dichlodrobenzidine 

193-39-5    Indeno(l,2,3-cd)pyrene 

Aroclor-1254 

N/A 

121-14-2      2,4-Dinitrotoluene 

129-00-0    Pyrene 

Aroclor-1260 

N/A 

606-20-2      2,6-Dinitrotcluene 

62-53-3      Aniline 

-  s 

122-66-7      1.2-Diphenylhydrazine 

100-51-6    Benzyl  alcohol 

206-44-0      Fluoranthene 

106-47-B    4-Chloroaniline 

7005-72-3    4-Chlorophenyl  phenyl  ether 

132-64-9    Dibenzofuran 

101-55-3      4-broiophenyl  phenyl  ether 

91-57-6      2-Hethylnaphthalene 

39636-32-9  bis(2-chloroisopropyl)ether 

BB-74-4      2-Nitroaniline 

111-91-1      bis!2-chloroethoxy)iethane 

1  / 

99-09-2      3-Nitroaniline 

V 

100-01-6    4-Nitroaniline 

-* 

/ 

,. 

J,:  'K  <- 


Ctwytf 


u* 


J  LKO    drraUfAM  JCl  JtZT/tti? ~cfc53fol>     &/U  -  .40  ifa  /fc<Htf**»1 


//  c/ 
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Tabel    5  Continued 

Laboratory  Nim»    £jL  X         J'l/Cb  /Q'V  ~T\/J_^ 


Zn<-  No 


tMLFsAJLir/t 


Organic*  Analysis  Data  Shoot 
(Page  4) 

Tantat»v»ry  Idantrfiod  Compoundi 


Swnpk  Number 


CAS 

Number 

Compound  N»rr>» 

Fr»ct>oo 

RT  of  Scot 
Number 

Eftrrjt* 

xC^ujiiuioo' 

^(ug/f  or  Ufl/kgi 

1 

tY<UO-l4£X/l#rt/M///&  j  //-(iytLok£syL 

623 

tf£Ff 

' 

0.<?7/2.    MTttf /Af &    -r/ICTG<\ 

* 

* 

&£  XA  7)-e  CrfA  V/&  SIC ,  7y 

9 's y 

?/  7^. 

s 

0.<??A5     JHAvTLas/irt.    T^mrt 

* 

7 

rjClfiPTX  2xc  CJ/1J,  -j=-     ^/'h     Oerrfhr  il /I AW. 

* 

/A^AT/FJ&T) 

<» 

in 

UA'tf A/a /*'/!/  SMsrmnjZb  MAiU^a' 

//£/ 

11 

19 

13 

14 

IS 

1« 

17 

IB 

1<» 

20 

?1 

?? 

'■» 

2A 

25 

2R 

27 

28 

23 

nn 
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Table  5  Continued        Dr9anic5  Analysi£  Data  Sneet 


CAB  I 


Laboratory  Naie:  USEPA  Region  B 

Lab  Saiple  ID:  

Tac  I:      

Sasple  Matrix:     fegggV^    ^£_    £^kS_Z 


Case  Nuiber:      dzdritf  ft/l/fTP-   2/ 

Site:  /"tY>  rArt'J*    (  K?  J __  -t ,  R^  «* . 

Date  Received:  ___________  __       ' 

Data  Released  By:  ^ffJSA'  /I'.    ^/>~rf/TT 


Seti volatile  Compounds 


Concentration/!/,  H,  H 

Date  Extracted/Prepared 

Date  Analyzed: 

Cone  Factor: 

Units:       „7v/^ 


MS  File:  FtfA/    ftoC 


/*2  -S-~7S~ 


Percent  Moisture: 
PH:  


.<^(/j 


Coipound  Nate 


Aiount 


CAS  I 


Dil  Factor:  

Coipound  Nate 


J. 


AiDunt    Cotpound  Nate 


Aiount 


Be-06-2       2,4,6-Trichlorophenol 

totu 

B7-68-3      Hexachlorobutadiene 

__*>„- 

Alpha  BHC 

You  j 

59-50-7        p-Chioro-f-Cresol 

\ 

77-47-4      Hexachlorocyclopentadiene 

Beta  BHC 

[  95-57-8       2-Chlorophenol 

78-59-1      Isophorone 

Delta  BHC 

120-63-2      2,4-Dichlorophenol 

91-20-3      Naphthalene 

Baesa  BHC (Lindane) 

105-67-9      2,4-Dnethylphenol 

98-95-3      Nitrobenzene 

Heptachlor 

t  -  ■ 

88-75-5       2-Nitrophenol 

62-75-9      N-nitrosodiiethyla«ine 

Aldrin 

i 

100-02-7      4-Nitrophenol 

B6-30-6      N-nitrosodiphenylatine 

1 

Heptachlor  epoxide 

51-2B-5       2,4-Dinitrophenol 

621-64-7    N-mtrosodipropyla«ine 

V 

EndosuHan  1 

534-52-1      4(6-Dinitro-2-eethylphenol 

117— Bl-7  bis(2-ethylhexyl)phthalate 

-2/6',  o 

Dieldrin 

-      - 

87-86-5       Pentachlorophenol 

B5-6B-7      Benzyl  butyl  phthalate 

_J  Lu 

4,4'-DDE 

10E-95-2      Phenol 

B4-74-2      di-n-butyl  phthalate 

Endrin 

^ 

65-85-0       Benzoic  acid 

117-84-0    di-n-octyl  phthalate 

EndosuHan  II 

95-46-7       2-Hethvl phenol 

84-66-2      Diethyl  phthalate 

4,4'-DDD 

106-39-4      4-hethylphenol 

133-11-3    Dnethyl  phthalate 

Endrin  Aldehyde 

95-95-4        2,4,5-Trichlorophenol 

56-55-3      Benzo(a)anthracene 

EndosuHan  Sulfate 

63-32-9        Acenaphthene 

50-32-2      Benzo(a)pyrene 

4,4'-DDT 

92-B7-5        Benzidine 

205-99-2    BenzolbHluoranthene 

Hethoxychlor 

120-82-1      1,2,4-Tnchlorobenzene 

207-08-9    BenzolkHluoranthene 

Endrin  ketone 

/ 

118-74-1      Hexachlorobenzene 

218-01-9    Chrysene 

Chlordane  GA&KA 

\ 

67-72-1        Hexachloroethane 

208-96-B    Acenaphthene 

Toxaphene 

N/A 

111-44-4      bis(2-Chloroethvl)ether 

120-12-7    Anthracene 

Aroclor-1016 

N/A 

91-56-7        2-Chloronaphthalene 

191-24-2    Benzolohilperylene 

Arodor-1221 

N/A 

95-50-1        1,2-Dichlorobenzene 

B6-73-7      Fluorene 

Aroclor-1232 

N/A 

541-73-1      1,3-Dichlorobenzene 

B5-01-B      Phenanthrene 

Aroclor-1242 

N/A 

106-46-7      1,4-Dichlorobenzene 

53-70-3      Dibenzo(a,h)anthracene 

Aroclor-1248 

N/A 

91-94-1        3,3'-Dichlodrobenzidine 

193-39-5    Indeno(l,2,3-cd)pyrene 

Aroclor-1254 

N/A 

121-14-2      2,4-Dinitrotoluene 

129-00-0    Pyrene 

Aroclor-1260 

N/A 

606-20-2      2,6-Dinitrotoluene 

62-53-3      Aniline 

* 

122-66-7      1 « 2-Diphenylhydrai ine 

100-51-6    Benzyl  alcohol 

206-44-0      Fluoranthene 

106-47-8    4-Chloroaniline 

7005-72-3    4-Chlorophenyl  phenyl  ether 

132-64-9    Dibenzofuran 

101-55-3      4-broiophenyl  phenyl  ether 

91-57-6      2-Methylnaphthalene 

3963B-32-9  bis(2-chloroisopropyl)ether 

BB-74-4      2-Nitroaniline 

111-91-1      bis(2-chloroethoxy)§ethane 

i 

99-09-2      3-Nitroaniline 

\ 

r 

100-01-6    4-Nitroaniline 

\ 

Uj^dtcdZ  Ct»^u»J V/w  avccikfgfc? Jel  j&jT/tJff ' <&%ZM,   &l*>  JtiilL /fa<*t«»*»* 
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Table  5  Continued 


J 


Litx>raior>  Nam*      £££     rf£0-/<)//    ~777T 
C»se  No    


S«mpta  Numtwr 


Organic*  Analyais  Data  Shoat 

(Page  4)  Ol/lfi/f    Fc/A/f', 

CE-e-(ou)  ^"t .  Re.Q  is) 

T»ntativa+y  Id«nt7f>«d  Compounds  J 


CAS 

Nuntbtr 

Compound  N»m« 

Fr»ct»oo 

Numb*r 

lug/I  or  ug/kgi 

1060/770/ ?$ 

/-P^jcAAATmA^^^  £Arf/>d/y±'<L  /!£./£> i 

/.A  0  0 

UJ  7£  ,  0 

3 

/j2,  3,^  V«. ,  ?;/<?,  /diJ-CCTA/^/S^O-J,  ^£  - 

a 

\>IM/sTh  VJ.  -  7 -C.I-fltjSTNYt-^TH  yi.  )-> 

4 

£i  ft-Ch  AtP* A  ■>  fa. ,  3£TA-  )  f06^A*A*A3L 

) 

8 

0.7&2J      /WVet//*£>    FyteTVJ) 

« 

7 

UA  ■*/,  0  r/A        &/  AST/  Ti(T^T)     6j*AL'ZJ=aeG. 

/Us" 

« 

qtfoo<irS7& 

TkEJ/ZJEAAS  .  /-AV/ZTML.  -l/-(  )  'JfA=TN  Vi~ 

X?H 

//6.  o 

in 

<er«vi-  I  n,  '/J//   /¥**m/awg-  FtfcmA 

11 

oo9coo99p3z 

/,3-CVCJO  <//£*4  ^DU-A^-  .  2-sr^TNVL.  ~ 

a&</ 

29,1 

13 

s  -  ( /'-  jSfjspt  vc  ^  rt  yz  ).'  o  ■  *}fo  ?  jfdv  o#/a  , 

-  FA  em 

* 

1* 

1R 

CvCinf/JzxArAig ,  3 -T&aSTh vl L-/1-J1  -C  - 

**? 

■£"¥,*/ 

1« 

r/-AX&rHy/-Js'wi/t.  ).  0»920*  Jmtcm/A'G-  T- 

'IGiaA 

17 

Jp00£-j/t/2£x 

/,  hS~-C  VCLD  ^2~,P TaI  TA\  / £L,A  &      A.  ?7&0 

^9 

AT.2- 

19 

A?*s-tChjaj  0-  F/ieruii 

3n 

2-  ZYtJ-OxP&\>  7x54  "V-  CA  'Ac  ,  2  ,  3,  V  - 

3P-Z- 

JY,Q 

31 

T'filA^TUvL 

33 

0.9'fat    /toN&uMrt.  FSrfcvzu? 

33 

f£0  2C3'l<7(Jy 

S&/Za?A& ,  J-Az^NAzA/Yl.   -A3-  ~D/Afi£mVl 

3^6 

3S.AL 

3* 

0.99/0    MOTTC* 'WC~    TAlQTdfl 

3« 

27 

fm&WA_.  </-(/./,  3.3  -^TgrMM^rt/vL, 

7Y9 

«-?//.  -L 

?B 

rflAVl/L^.     0.9773  /}/A/ve////lA£   ffleVdA 

3Q 

in 

^>4ttc  s^  a  c^^iet  c£*3%a\s  h  Aw*  Jzt^Ki,, ,  acaK  ?    fzo  -  u  ?o . 
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